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 2
略語 
 
本論文中、以下の略語を用いた。 
 
Ac : acetyl 
AIBN : 2,2’-azobisisobutyronitrile 
aq. : aqueous 
9-BBN : 9-borabicyclo[3.3.1]nonane 
BHT : 2,6-di-tert-butyl-p-cresol 
Bn : benzyl  
Boc : tert-buthoxycarbonyl 
n-Bu : normal butyl 
t-Bu : tert-butyl 
CSA : (1S)-(+)-10-camphorsulfonic acid 
Cy : cyclohexyl 
δ: chemical shift in perts per million downfield from 
Tetramethylsilane 
d : day(s), doublet (spectral) 
DBU : 1,8-diazabicyclo[5.4.0]undec-7-ene      
DDQ : 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 
DIBAH : diisobutylaluminium hydride 
DMAP : 4-dimethylaminopyridine 
DMA : N,N-dimethylacetamide 
DMF : N,N-dimethylformamide 
DMP : Dess-Martin periodinane 
DMSO : dimethylsulfoxide 
dr : diastereomeric ratio (not diastereomeric excess) 
EI : electron impact  
eq : equation 
Et : ethyl 
E2 : bimolecular elimination 
FAB : fast atom bomdardment  
h : hour(s) 
HRMS : high-resolution mass spectrometry 
Hz : hertz 
IR : infrared 
IBX : o-iodoxybenzoic acid 
imid. : imidazole 
IR : infrared 
J : coupling constant (in NMR spectrometry) 
LDA : lithium diisopropylamide 
LHMDS : lithium hexamethyldisilazide 
 
 
 
 
LRMS : low-resolution mass spectrometry 
M+ : parent molecular ion 
Me : methyl 
Mes : 2,4,6 –trimethylphenyl 
MOM : methoxymethyl 
Ms : methanesulfonyl 
MS4A : molecular sieve 4A 
m/z : mass-to-charge ratio 
NCS : N-chlorosuccinimide 
NMO : N-methylmorpholine-N-oxide 
NMP : N-methylpyrrolidinone 
NMR : nuclear magnetic resonance  
NOE : nuclear Overhauser effect 
NR : no reaction 
p : para 
PDC : pyridinium dichromate 
Ph : phenyl 
PMB : 4-methoxybenzyl 
PPTS : pyridinium p-toluenesulfonate 
iPr : isopropyl 
pyr. : pyridine 
quant : quantitative 
RCM : ring-closing metathesis 
rt : room temperature 
s : singlet (spectral) 
sat. : saturated 
Super-Hydride® : Lithium triethylborohydride 
t : triplet (spectral) 
TBAF : tetrabuthylammonium fluoride 
TBS : tert-butyldimethylsilyl 
Temp. : temperature 
TFA : trifluoroacetic acid 
THF : tetrahydrofuran 
TMEDA : N,N,N’,N’-tetramethylethylenediamine 
TMS : trimethylsilyl 
TPAP : tetrapropylammonium perruthenate 
Ts : p-toluenesulfonyl 
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序論 
 
１．Kopsia lapidilecta アルカロイド (+)-Lapidilectam 
 南アジア及び東南アジアに生育しているキョウチクトウ（夾竹桃）
科インドソケイ（印度素馨）亜科の Kopsia 属植物は凡そ 30 種からな
る顕花植物であり、本属植物からは現在までに多数のアルカロイド
が単離されている。そのなかで 1990 年代、マレーシア産の Kopsia 
lapidilecta か ら 非 常 に ユ ニ ー ク な 新 規 環 構 造 （ IUPAC 名 : 
2,4,5,6,7,8,9,13b-octahydro-6a,8a-ethano-1H-pyrrolo[1’,2’:1,8]azocino[5,4
-b] indole）を有するアルカロイドが数種単離された。(+)-lapidilectam 
(1)はその一種であり、1993 年、Awang 等によって K. lapidilecta の樹
皮及び葉から単離、構造決定された多環性インドールアルカロイドである 1。なお、同様の環構造
を有する類縁化合物として、K. lapidilecta アルカロイド 2の(-)-lapidilectine A（2）、(+)-isolapidilectine
（3）、(+)-lapidilectine B（4）、(-)-lapidilectinol（5）、(+)-epilapidilectinol（6）や Kopsia tenuis アルカ
ロイド（7～13）3が報告されている（Figure 1）。 
Lapidilectam（1）を含む K. lapidilecta アルカロイドの生物活性については、自然界からの供給量
が極めて微量（例: (+)-lapidilectam 7 mg / 起源植物 2.4 kg [乾燥重量]）であるため未だ詳細な調査が
なされていない。しかし、同属植物には古来より漢方薬として、慢性関節リュウマチ、水腫、扁桃
炎、高血圧の治療に用いられている Kopsia pitardii 等があることから、同属植物の抽出物である K. 
lapidilecta アルカロイドにも何らかの生物活性が秘められている可能性は十分に期待出来る。 
 Lapidilectam（1）の化学構造上の特徴は、1）インドリン、ヒドロアゾシン及びピロリジノンを含
む 5 環性化合物であること、2）インドリン部 2 位 7 位の連続不斉 4 級中心を含む、計 4 つの不斉中
心を有することが挙げられる。著者の所属研究室では、この特異な環構造に対して合成化学的見地
から興味を抱き、lapidilectam（1）をはじめとする K. lapidilecta アルカロイドの全合成研究を展開
してきた。 
Figure 1. Kopsia Alkaloids 
２．Kopsia lapidilecta アルカロイドの合成研究 
K. lapidilecta アルカロイドの合成例は少なく、2001年にPearson等が報告した(±)-lapidilectine B（4）
の全合成のみである 4。彼等はアジドケトン 18 を用いた Smalley 環化反応によりオキシインドール
19 を合成し、その後、2-アザアリルリチウムとアセチレン等価体であるフェニルビニルスルフィド
との立体選択的[3+2]環化付加によりピロリン体 24 を合成している。最後に、分子内アルキル化に
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より 8 員環を構築することで(±)-lapidilectine B（4）の全合成を達成した（Scheme 1）。 
   Scheme 1. Total Synthesis of (±)-Lapidilectine B (4) by Pearson, W. H. et al. 
一方、当研究室の渡辺は K. lapidilecta アルカロイドの全合成を指向した環融合型インドリン
の合成研究を展開し、新規環融合型置換インドール合成法を報告した 5。即ち、2-ヨードアニリン
と環状 β-ケトエステルから得られるエナミノエステルをAg3PO4を添加剤として用いた Heck反応条
件 6 に付すことでインドール化合物を得ている。本法はオレフィンの異性化を伴い（30→31）環化
反応が進行するという点で非常に興味深い（Scheme 2）。 
Scheme 2. Synthesis of Fused Indoles by Palladium-catalyzed Cyclization 
 with Ag3PO4 Involving Olefin Isomerization 
 
 
 
 
 
 
 
 
 
 
 
 
なお、本合成法はその後、当研究室の山下により基質一般性が精査され、鎖状のエナミノエステ
ルにおいても、オレフィンの異性化を伴う環化反応が進行し、2 位に分岐した鎖状の置換基を有す
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るインドールが得られることが明らかとなった（Scheme 3）7。 
Scheme 3. Palladium-Catalyzed Cyclization of Acyclic Enaminoesters.   Table 1.  
 
 
 
 
 
さらに、当研究室ではこの新規環融合型置換インドール合成法を応用し、K. lapidilectaアルカロイ
ドの共通母核である2,4,5,6,6a,7,8,9-octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole骨格の構築に成
功している。 
渡辺は既知のピロリジノン誘導体 37 から閉環メタセシス（Ring-Closing Metathesis、RCM）やエ
ナミン形成反応等を駆使しエナミノエステル 43 を合成後、これに対し前述のインドール合成法を適
用することで、低収率ながら lapidilectam（1）の ABCE 環に相当する環構造を有した 4 環性化合物
44a を得ることに成功している（Scheme 4）8。 
Scheme 4. Synthesis of Tetracyclic Compound by Watanabe, T. 
 
 
 
 
 
 
 
 
 
以上の背景を基に、筆者は lapidilectam（1）をはじめとする K. lapidilecta アルカロイドの 1）一
般的合成法の確立及び、2）生物活性調査のための量的供給を目的に本合成研究に着手した。 
 
３．合成戦略（逆合成解析） 
 (±)-Lapidilectam（1）の全合成を目指し、環融合型置換インドリン骨格の構築及び、2, 7 位の連
続不斉 4 級中心の立体選択的な構築の 2 点を重要課題と設定しその合成計画を立案した。以下
にその詳細を示す（Scheme 5）。 
はじめに、所属研究室における研究成果を基に 4 環性中間体 47 を鍵中間体と位置付け、D 環の構
築を全合成計画の終盤に設定した。その D 環の構築には大別して、「① 20 位 C2 ユニットからのイ
ンドレニンに対する環化反応」及び「② 2, 20 位の各 C1 ユニットを利用した環化反応」の結合生
成部位が異なる 2 つの合成経路を考案した。①に当たる Path A では、lapidilectam（1）の D 環構築
にインドレニンを用いた分子内マンニッヒ型反応 9を適用する（45→46）。続いて、そのインドレニ
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ン 46 は 4 環性鍵中間体 47 のインドール部 7 位へのエステル基導入により合成する。一方、②に当
たる Path B では、D 環構築にビスアルデヒドを用いた分子内ピナコールカップリング（48→49）を
適用する。環化前駆体であるアルデヒド 49 は 4 環性鍵中間体 47 の 7 位アシル化（50→47）、続くイ
ンドレニン 2 位への C1 ユニット導入（49→50）により合成可能と考えられる。 
4 環性鍵中間体 47 の合成は渡辺同様、前述の環融合型置換インドール合成法及び閉環メタセシス
を鍵工程として、既知化合物であるピロリジノン誘導体 37 からの合成を計画した。 
 なお、この逆合成において想定される隘路は以下の 4 点である。 
1）Heck 反応を用いたインドール合成におけるジアステレオ選択性の制御（51→47） 
2）7 位アシル化の際の位置及び立体選択性の制御（47→46, 50） 
3）インドレニン 2 位への C1 ユニットの立体選択的導入（50→49） 
4）合成ルート終盤での分子内マンニッヒ型反応又は、分子内ピナコールカップリングを用いた
D 環構築（46→45、49→48） 
Scheme 5. Retrosynthetic Anlysis of (±)-Lapidilectam（1）
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第一章 4 環性鍵中間体の合成 
 
序節  
 序論に記したように、当研究室渡辺は Heck 反応を鍵工程とし、lapidilectam（1）の ABCE 環に相当
する 4 環性化合物 44a の合成に成功している。しかし、44a に至るまでの合成ルートには以下に示す
幾つかの問題点があった（Scheme 6）。 
1）出発原料に高価な t-BuCHO を用いている（36→55）。 
2）TBS 基による保護の際、TBSCl 及び imidazole を 10 等量必要とする（38→57）。 
3）スケールアップに伴う Swern 酸化の収率低下（57→39）。 
4）Swern 酸化の再現性が乏しい（58→40, 44-86%）。 
5）RCM の際、高価な第二世代 Grubbs 触媒を 10 mol %用いている（40→41）。 
6）ラクタム窒素のアリル化（37→38, 67%）及びエナミン形成反応（42→43, 49%）の収率は中程
度である。 
7）鍵工程である Heck 反応（43→44a, 27%）の収率が低い。 
8）Heck 反応で得られる 44a の相対立体化学は天然物を合成する上で必要となる anti 配置とは逆
の syn 配置である。また、このジアステレオ選択性に関しては Heck 反応の詳細な検討が行わ
れていないため情報が少ない。 
 そこで、エナミノエステル誘導体までの合成法を大量合成に適した合成ルートへと改良するため、
各工程の最適化を検討した。また、鍵工程である Heck 反応について精査することとした。 
Scheme 6. Synthesis of Tetracyclic Compound (44a) by Watanabe, T. 
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diastereoselectivity ??
Total 15 steps, 1.95% yield from 36
                             12 steps, 5.00% yield from 37
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第一節 エナミノエステル誘導体合成の最適化 
はじめに渡辺は既知化合物 37 を Kanemasa 等の方法 10に従い合成している。しかし、出発原料に高
価な t-BuCHO を用いる必然性はないと考え、安価な PhCHO での代用を検討した。その結果、より高
収率で 37 が得られ、大幅なコストダウンに成功した。なお、本合成法は大量合成（100 g scale）にも
適用可能である（Scheme 7）。 
 Scheme 7. Synthesis of Pyrrolidinone (37) 
 
 次に既知化合物 37 から mono-TBS 体 61 への工程の最適化を検討した。ラクタム窒素のアリル化に
は触媒量の n-Bu4NI 存在下、塩基として t-BuOK を用い、allyl bromide を加えて 60℃の加熱条件下に
付すことで、高収率にて目的物 38 が得られた。続くエステル基の還元では後処理の方法を改善した。
従来、生成物の極性が非常に高いことから、水層からの抽出効率に懸念が持たれ、分液操作を行わな
い方法（Procedure A）が採用されていた。この点に TBS 基による保護の際に大過剰の TBSCl、imidazole
を必要とする原因があると考え、分液操作を行う方法（Procedure B）に変更したところ、使用する
TBSCl、imidazole の大幅な低減が可能となった。続いて、得られた bis-TBS 体 57 を氷冷下、HF 水溶
液で処理し mono-TBS 体 61 とした（Scheme 8）。 
Scheme 8. Conversion of Pyrrolidinone (37) to Alcohol (61) 
61→39 と 58→40 の酸化反応について種々検討を行った。従来の Swern 酸化によるアルコール 61
の酸化はスケールアップに伴い、その収率が大幅に低下してしまう点が問題となっていた。そこで
Swern 酸化以外の酸化反応を検討し、Mukaiyama 等の開発した触媒的酸化反応 11が収率、再現性、操
作性、経済性を考慮した上で最適であると判断した（Table 2）。一方、アリルアルコール 58 の酸化に
は新たに MnO2 による酸化を試みた（Table 3）。しかし、この酸化法はスケールアップに伴い大幅な収
CO2Me
NH2·HCl
CO2Me
N
t-Bu CO2Me
36 (100 g)
CO2Me
NH2·HCl
CO2Me
K2CO3 (0.2 eq)
CO2Me
N
Ph
N CO2Me
CO2Me
t-Bu
MeO2C
N CO2Me
CO2Me
Ph
MeO2C
37
37
HN
O
CO2Me
MeO2C
HN
O
CO2Me
MeO2C
t-BuCHO (1 eq)
Et3N (1.1 eq)
benzene, reflux
73%
LiBr (1.1 eq)
DBU (1 eq)
THF, rt
AcOH (cat)
MeOH-H2O, rt
2 steps, 53%36
Total: 3 steps, 39%t-BuCHO : Ald, 100 mL
                ¥ 37,000
PhCHO (1.05 eq)
Et3N (1.8 eq)
MgSO4 (1 eq)
CH2Cl2, rt,
97%
THF, rt
AcOH (cat)
MeOH-H2O, rt
2 steps, 71%
Total: 3 steps, 69%PhCHO : Kanto, 500 mL (1 級)
                ¥ 280/100ml
 (3.3 eq)
(2.2 eq)
<Original Route>
<Improved Route>
55 56
59 60
HN
O
CO2Me
MeO2C
allyl bromide
t-BuOK
n-Bu4NI N
O
CO2Me
MeO2C
1) LiBH4, THF, rt
37 38
DMF
EtOAcTHF
THF
LiBH4
LiBH4
H2O
DMF
CHCl3 Na2SO4
Na2SO4
N
O
TBSO
OTBS
57
Et2O Na2SO4
61
61
N
O
HO
OTBS
61
THF, 60 °C
94%
2) TBSCl (3 eq)
    imid. (3 eq), DMF
    2 steps, 90%
aq. HF
evap.
TBSCl
imid.
sat.NH4Cl extract dry evap. columnstir
0 °C to rt EtOAc/Hexane = 1/10
<Procedure A>
<Procedure B>
evap.
TBSCl
imid.
sat.NH4Cl extract dry evap. column38 in flask (Ar)
stir
0 °C to rt EtOAc/Hexane = 1/10
filt. extract drystir
0 °C to rt
stir
0 °C to rt
add
add
add
add
add
add
add
add
 MeCN, 0 °C
 quant
38 in flask (Ar)
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率低下が観測された（Entries 2, 3）。そこで、こちらにも 61 の酸化の際に良好な結果を与えた触媒的
酸化反応を適用したところ、収率良く且つ再現性良く RCM 前駆体 40 が得られた（Entries 4, 5）（Scheme 
9）。 
Scheme 9. Conversion of Alcohol (61) to RCM precursor (40) 
Table 2. Oxidation of Alcohol (61)                Table 3. Oxidation of Allyl Alcohol (58) 
 RCM の反応条件をより大量合成に適した条件へと改良するため、触媒量及び溶媒量の低減を検討
した。はじめに触媒量を 10 mol %に固定し基質濃度を検討した。その際、20 mM までは高収率で目的
物が得られたが（Table 4, Entries 1-3）、50 mM では dimer 等の生成が顕著に増加し閉環体 41 の収率は
大幅に低下した（Entry 4）。続いて、基質濃度を最も結果の良かった 5 ｍM に固定し触媒量の検討を
行った（Entries 5, 6）。その結果、触媒量を 3 mol %まで低減しても高収率で 41 が得られることがわか
った（Scheme 10）。 
Scheme 10. Construction of the C-ring using RCM     Table 4. RCM of 40 
 
 
 
 
 
 
エナミン形成反応の条件検討を行った。閉環体 41に対し CO2Me基を導入後、オレフィンを還元し、
β-ケトエステル体 42 を得た。続いて、渡辺同様、42 を 2-ヨードアニリン存在下、酸触媒として 1 当
量の TsOH を用い、無水ベンゼン中、Dean-Stark 装置にて加熱還流した。その結果、目的とするエナ
ミノエステル 43 を得ることは出来たが、その収率は極めて低収率であった（Table 5, Entry 1）。これ
は酸による生成物の加水分解若しくは、反応溶液の pH が酸性に傾き過ぎたことでアミンの求核性が
低下し、反応の初期段階であるカルボニルへの求核攻撃の反応速度が著しく低下したためと考えられ
る。そこで、TsOH の量を段階的に低減したところ（Entries 1-5）、43 の収率が向上し、最高 77％で目
N
O
OTBS
N
O
OHC
OTBS
vinylMgBrOxidation
THF, -78 to 0 °C
98%
Oxidation
see
Table 2
see
Table 3
3961
HO
N
O
OTBS
N
O
OTBS
O
40
HO
58
Ph
S
N
H
t-Bu
Ph
S
N
H
tBu
Ph
S
N
H
t-Bu
Ph
S
N
H
t-Bu
61 58Entry
COCl2 (2), DMSO (4)
Et3N (6), CH2Cl2
COCl2 (2), DMSO (4)
Et3N (6), CH2Cl2
TPAP (10 mol %), NMO (1.5)
MS4A (150% w/w),CH2Cl2
PDC (3), Celite (1 g/mmol)
Coditions Yield (%)
COCl2 (2), DMSO (4)
Et3N (6), CH2Cl2
MnO2 (500% w/w),CHCl3
MnO2 (500% w/w),CHCl3
-60 °C to rt, 1.5 h
reflux, 2 h
reflux, 38 h
44~86
89
23
1
2
3
1
2
3
4
-60 °C to rt, 1 h
-60 °C to rt, 2 h
  
rt, 2 h
rt, 8 h
5
6
0 °C to rt, 1.5 h
0 °C to rt, 2 h
94
50
44
60
90
90
 Reagent (eq)
(5 mol %)
NCS (1.1), K2CO3 (10)
MS4A (1 g/mmol), CH2Cl2
4
5
0 °C to rt, 2h
0 °C to rt, 8 h
89
89
Entry Coditions Yield (%) Reagent (eq)
(5 mol %)
NCS (1.1), K2CO3 (10)
MS4A (1 g/mmol), CH2Cl2
(5 mol %)
NCS (1.1), K2CO3 (10)
MS4A (1 g/mmol), CH2Cl2
(5 mol %)
NCS (1.1), K2CO3 (10)
MS4A (1 g/mmol), CH2Cl2
50 mg
  3 g
50 mg
50 mg
50 mg
3 g
50 mg
50 mg
  3 g
50 mg
3 g
MesN NMes
Ru
PhPCy3
Cl
Cl
41
N
OTBS
O
O
toluene, reflux, 3 h
see Table 4
C
N
O
OTBS
O
40
Entry Ru cat.
(mol %)
toluene
(mM)
Yield (%)
−−−
8
1
3
98
90
91
48
93
91
40 41
1
2
3
4
5
6
10
10
10
10
5
3
5
10
20
50
5
5
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的物が得られた（Entry 5）。一方、トルエン溶媒中にて、より高温条件下で反応を行った場合はアミ
ド 62 及び 63 が副生し、目的物 43 の収率は低下した（Entry 6）。また、TsOH 以外に 2 種のスルホン
酸を試したが何れも良好な結果は得られなかった（Entries 7, 8）（Scheme 11）。 
        Scheme 11. Conversion to Enaminoester (43) via β-Ketoester (42) 
 
 
 
 
Table 5. Enamine Formation 
 
 
 
 
 
 
 
N
O
O
OTBS
N
O
O
OTBSCO2Me
I
NH2
4241 43
N
O
OTBSCO2Me
N
H
I
see Table 5
Solvent, reflux
(Dean-Stark)
(2 eq)
Acid
1) NCCO2Me
    LHMDS, THF
    -78 °C
2) H2, 5% Pd-C
    MeOH, rt
    2 steps, 97%
TsOH
TsOH
TsOH
TsOH
TsOH
TsOH
CSA
CF3SO3H
benzene
benzene
benzene
benzene
benzene
toluene
benzene
benzene
43 42
1
2
3
4
5
6
7
8
35
60
60
60
56
35
35
35
Yield (%)Entry Time
 (h)
Solvent
(1.0)
(0.5)
(0.1)
(0.05)
(0.03)
(0.1)
(0.1)
(0.1)
Acid 
(eq)
  7
40
69
75
77
29
  8
−
90
21
  8
−
−
−
84
97
62 (26), 63 (12)
62 (8)
Byproducts
N
O
O
OTBS
NH
O
I
62
N
N
H
O
OTBS
NH
O
I
I
63
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第二節 Heck 反応（鍵工程）による 4 環性化合物の合成 
得られたエナミノエステル誘導体 43 を渡辺同様 10 mol %の Pd(PPh3)4、100 mol %のリン酸銀を用いた
Heck 反応条件下に付した。報告通り、反応は円滑に進行し、lapidilectam の ABCE 環に相当する 4 環
性中間体 44a が収率 54％で得られた。44a の NOE 実験を行ったところ、16 位メチンプロトンと 15
位 β-プロトンとに相関が見られ、CO2Me 基とシロキシメチル基は天然物を合成する上で必要となる
anti 配置とは逆の syn 配置であることがわかった。さらに、この NOE 実験から syn 体の 8 員環は階段
型のコンフォメーションをとっていることが明らかとなった。また、本反応においては 16, 17 位が脱
水素された化合物 64 の副成（5％）も認められた（Scheme 12）。 
 Scheme 12. Synthsis of Tetracyclic Intermediate Using Heck Reaction 
 
 
 
 
 
 
 
 
 
 
 
閉環体の回収率向上及び、anti 体 44b の生成比向上を目的に本分子内 Heck 反応の詳細な条件検討
を行った（Scheme 13）。 
はじめに溶媒及び反応温度を検討した（Table 6）。溶媒については 4 種類の極性溶媒を検討した結
果、DMF が最適であり、反応速度及び 44a の収率向上が観測された（Entries 1-4）。一方、反応温度
については DMF 中 80℃、120℃にて反応を検討したが、何れの場合も良好な結果は得られなかった
（Entries 5, 6）。 
続いて、添加する銀塩の種類を検討した（Table 7）。この際、リン酸銀を含む幾つかの銀塩におい
て反応の進行が認められたが、リン酸銀以外は何れの場合も複雑な混合物を与え、収率良く環化体を
得ることは出来なかった。 
次に Pd(PPｈ3)4 の触媒量について検討した（Table 8）。より正確に触媒量の検討を行うため、反応
は空気酸化による触媒の失活を最小限に抑えることが可能なグローブボックス内で行った。検討の結
果、触媒量の低減に伴い脱水素化体 64, 65 の生成が抑制されると共に、syn 体 44a の収率向上が観測
され、最高で 44a が収率 76％で得られた（Entry 5）。さらに、触媒量 1 mol %及び 3 mol %の条件にお
いて、anti 体 44b の生成が僅かではあるが認められた（Entries 5, 6）。しかし、44b は不安定であり、
単離後、一部 16 位のエピメリ化が観測された。なお、44b の構造証明については後述する。 
また、銀塩として最も良好な結果を与えたリン酸銀の添加量を検討した（Table 9）。リン酸銀の Ag
＋イオン当りの等量数を 1、2、3 等量と変化させた場合、反応速度に若干の変化が観測されたものの、
閉環体全体の回収率及びその生成比に有意な差は認められなかった（Entries 1-3）。一方、リン酸銀を
200 mol %（Ag＋イオン 6 等量）用いた場合ではヨードベンゼンが還元された 66 が生成し、環化体の
収率は著しく低下した（Entry 4）。 
N
O
CO2Me
OTBS
N
H
I
N
O
CO2Me
MeO2C
CO2Me
NA
B C E
N
N
H
O
CO2Me
OTBS
N
N
O
MeO2C
H
OTBS
H
H
HH
H
N
N
H
O
CO2Me
OTBS
N
N
H
O
CO2Me
OTBS
Lapidilectam (1)
Pd(PPh3)4
(10 mol %)
Ag3PO4
(100 mol %)
+
15
16
20
NOE correlations
anti
16 20
43 44a (54%) 64 (5%)
DMSO
100 °C, 9 h
44b (not observed)
16 17
H
syn
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これまでに溶媒、反応温度、銀塩の種類とその使用量及び、Pd 触媒の触媒量を検討したが、閉環体
の回収率が 8 割を超える条件は皆無であった。また、全ての場合において本反応は原料消失後、有機
分子と金属元素を含むと予想される黒色ビーズ状の固体が観測されていた。この固体内に反応基質及
び生成物が取り込まれていることを疑い、攪拌効率の向上及び有機分子と金属の過剰吸着を防ぐこと
が出来れば、その生成を抑制出来、回収率の向上が望めると考えた。そこで、反応系中に Celite®を添
加したところ前述の黒色ビーズの生成を防ぐと共に、回収率の改善に成功した（Table 10）。 
  Scheme 13. Optimization of Heck Reaction 
     Table 6. Effect of Solvent and Temp.      Table 7. Effect of Ag-Salt 
 
  
 
 
 
 
 
  
 
 
     Table 8. Effect of Catalyst Loading           Table 9. Effect of an Amount of Ag3PO4 
 
 
 
 
 
 
Table 10. Effect of Solid Support 
 
 
 
DMSO
DMA
NMP
DMF
DMF
DMF
64
Ag3PO4
24
67
100
200
44b44a 64
N
O
CO2Me
OTBS
N
H
H
66
 19 (66)
Ag3PO4 (100)
Ag2CO3 (150)
Ag2O (150)
AgNO3 (300)
AgOAc (300)
AgOTf (300)
AgClO4 (300)
AgBF4 (300)
AgPF6 (300)
64
30
20
10
  5
  3
  1
Pd(PPh3)4
64
N
N
H
O
CO2Me
OTBS
100
100
100
100
   9
 12
   5
4.5
1
2
3
4
Yield (%)
54
 −
58
63
  5
15
  3
  3
Conditions: Pd(PPh3)4 (10 mol %), Ag3PO4  (100 mol %).
Entry Solvent Temp. Time
44a(°C) (h)
5
6
  80
120
   7
1.5
47
47
  2
  4
Conditions: Pd(PPh3)4 (10 mol %), DMF, 100 °C.
1
2
3
4
5
6
7
8
9
  5
  5
  5
17
  5
 15
 11
 18
   3
Yield (%)
63
−
−
−
−
trace
trace
18
−
  3
−
−
26
−
trace
trace
7
−
Entry Ag-salt Time
44a
Others
9 (65)
7 (65)
 1 (44b)
 1 (44b)
(mol %)
3
3
5
5
7
9
1
2
3
4
5
6
Yield (%)
30
54
65
76
76
69
18
13
  1
  4
  2
  4
Conditions: Ag3PO4 (100 mol %), DMF, 100 °C in glove box.
Entry Time
44a(h)
trace
trace
1
trace
 9
 8
 7
10
1
2
3
4
Yield (%)
71
70
76
39
  3
  4
  2
  5
Entry Time
(h) (mol %) Others
Conditions : Pd(PPh3)4 (3 mol %), DMF, 100 °C.
(h)
(1)
(2)
(3)
(6)
65
44b44a 64
N    R
6
8
8
1
2
Yield (%)Entry Time
(h)
Conditions : Pd(PPh3)4 (3 mol %), Ag3PO4 (100 mol %)
                    Additive (0.5 g/mmol), DMF, 100 °C.
MS4A (powder)
Celite®
00
79 6
Additive
 (mol %)
Ag+
(eq)
N
O
CO2Me
OTBS
N
H
I
N
N
H
O
CO2Me
OTBS
N
N
H
O
CO2Me
OTBS
N
N
H
O
CO2Me
OTBS
Pd(PPh3)4
Ag-salt
44b44asee
Table 6, 7, 8, 9, 10
43
+ +
epimerization
64
solvent
additive
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44b の構造証明について解説する。44b の相対立体化学は NOE 実験により決定した。即ち、20 位
側鎖のメチレンプロトンと 16 位のメチンプロトンとの間に相関が観測されたことから、16, 20 位の相
対立体配置は所望の anti 配置であると決定した。さらにこの NOE 実験の際、16 位のメチンプロトン
と 5, 6 位 α-プロトン、17 位 α-プロトンと 15 位 β-プロトンに相関がみられ、anti 体 44b は L 字型のコ
ンフォメーションをとっていることが明らかとなった。この結果は 16, 20 位の相対立体配置の差異が
8 員環のコンフォメーションに大きく影響することを示すものである（Figure 2）。 
Figure 2. Determination of the Relative Stereochemistry（44b） 
 
 
 
 
 
 
 
 
 
 
 
 
一方、本反応において副成する脱水素化体 64 は環化体 44a 及び 44b を経由し生成しているものと
考えられる。そこで、この脱水素反応を進行させている因子を特定するため、得られた 44a を Table 11
に示した 3 通りの条件に付したところ、Pd 触媒存在下でのみ脱水素反応が進行し 64 を与えた。すで
に PdⅡによるケトンからエノンへの脱水素反応が報告されており 12、本分子内 Heck 反応においても
反応系中で生成した PdⅡにより、脱水素反応が進行したものと推察される。また、PdⅡによる脱水素
反応は可逆的な反応機構が提唱されており、このことから本脱水素反応が 16 位のエピメリ化を促進
している可能性も考えられる（Scheme 14）。 
Scheme 14. Investigation of Reagent for Dehydrogenation            Table 11. Dehydrogenation 
     under the Reaction Conditions                                of 44a 
 
 
 
 
前述のように本分子内 Heck 反応は何れの条件においてもジアステレオ選択的に反応が進行してい
るが、この選択性（44a vs 44b）が速度論的支配によるものか、熱力学的支配によるものか、さらに
は提唱している反応機構 7（Scheme 15）のどの段階が選択性に寄与しているのかは明らかでない。し
かし、anti 体 44b のエピメリ化が観測されたこと及び、可逆的な PdⅡによる脱水素反応が 44a 及び 44b
から進行している可能性を考慮すると、高いジアステレオ選択性が発現した理由は最終生成物の熱力
学的な安定性の差によるものである可能性が高い。 
N
N
H
O
CO2Me
OTBS
N
N
H
O
CO2Me
OTBS
44a
DMF
100 °C, 30 h
1
2
3
blank
Pd(PPh3)4 (1 eq)
Ag3PO4 (1 eq)
Reagent
Entry Reagent Result
44a (quant)
64 (46%), 65 (9%)
44a (quant)
64
see Table 9
N
N
H
O
CO2Me
OTBS
65
+
N
N
H
O
CO2Me
OTBS
44b
O
O
N
O
N
O
TBS
NOE correlations
16
20 15
17
56
16
17
20
5
6
15
16
20
5
6
17
15
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Scheme 15. Plausible Reaction Mechanism 
そこで、syn 体 44a 及び anti 体 44b の熱力学的な安定性を計算科学を用いて比較した。コンピュー
ターを用いて各々の配座を自動発生させたところ（CONFLEX）、安定配座は 44a 及び 44b に収束し、
NOE 実験同様、syn 体 44a は 8 員環が階段型のコンフォメーションをとる構造、anti 体 44b は 8 員環
が歪んだ L 字型をとる構造が最安定構造として算出された。続いて、各々のエネルギーを比較したと
ころ、予想通り syn 体 44a の方が熱力学的に安定であるとの結果が得られた。おそらく、anti 体 44b は
8 員環に大きな重なりひずみ及び結合角ひずみが生じるため、そのエネルギーが高くなっていると推
察される（Figure 3）。 
Figure 3. Energy-Minimized Structure of 44a and 44b (CAChe ver. 4.5 MOPAC (AM1) Calculation) 
 
 
 
 
 
 
 
 
 
 
 
 
 
現在、本分子内 Heck 反応についてこれ以上の検討は行っておらず、ジアステレオ選択性の発現機
構の詳細を解明するためには、今後、更なる調査を重ねる必要がある。 
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   Figure 4 
第二章 16, 20 位相対立体化学の変換及び 7 位への置換基導入 
 
第一節 16, 20 位置換基の相対立体配置の変換 
１．戦略 
序論に示したD環構築に20位置換基を利用するという合成計画に反し、
Heck 反応の主生成物は 16, 20 位置換基の相対立体配置が syn 配置の 44a
であった。また、後述するが 7 位への置換基導入に関しても 16 位の立体
化学が重要である。そのため、この時点で 44a を 16, 20-anti 配置の化合物
へと変換する必要が生じた（Figure 4）。そこで、以下に示すエピメリ化
（Scheme 16）、水素化（Scheme 17）、ヒドロホウ素化―酸化（Scheme 18）
をそれぞれ軸とする 3 つの変換ルートにて 16 位立体化学の反転を試みた。 
Scheme 16. Strategy for Inversion of Configuration at C16 Position Using Epimerization     
   
 
 
 
Scheme 17. Strategy for Inversion of Configuration at C16 Position Using Dehydrogenation-Hydrogenation 
 
 
 
Scheme 18. Strategy for Inversion of Configuration at C16 Position Using Hydroboration-Oxidation 
 
 
 
 
２．エピメリ化による変換 
最も直接的な変換方法であるエピメリ化による反転から検討を行った（Scheme 19）。基質にインド
ール窒素フリーの 44a と、Boc 基で保護した 79a を用い、それぞれ速度論的（Table 12, Entries 1, 2, 4）
又は、熱力学的（Entries 3, 5）に安定な化合物が得られる反応条件に付した。その結果、Entry 2 での 
Scheme 19. Inversion of Configuration at C16 Position   Table 12. Epimerization of 44a and 79a 
Using Epimerization 
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み anti 体 44b が観測されたが、その収率は 6％と極めて低く、再現性も得られなかった。以上の実験
事実からエピメリ化による効率的な変換は困難であると判断した。 
３．脱水素化体のジアステレオ選択的水素化による変換 
 次に脱水素化体 75 の水素化を経る変換ルートを検討した（Scheme 20）。このルートでは syn 体 44a
を Heck 反応の副生成物である脱水素化体 64 へと変換した後、20 位置換基の TBS 基を脱保護し 75
とする。この 75 を接触水素化に付すことで、水酸基の誘導によるジアステレオ選択的な水素化が進
行することを期待した。 
以上の戦略に基づき、はじめに 44a から 64 への脱水素反応について種々検討し、DDQ を用いる反
応条件が最適であることがわかった（Table 13）。続いて、64 を HF 水溶液によりアルコール 75 とし
た後、得られた 64 と 75 に対し接触水素化を試みた（Table 14）。 
 20 位置換基の一級水酸基を保護した基質 64 では syn 体 44a が主生成物として得られたが（Entries 
1-3）、水酸基が無保護の 75 では溶媒の選択次第で望みのジアステレオ選択性で水素化が進行し、ベ
ンゼンを溶媒とした場合に最高 5 対１のジアステレオ比で anti 体 76b が主生成物として得られた
（Entry 9）。しかし、76b は MeOH 溶媒中室温で 16 位のエピメリ化が観測され、不安定であることが
判明した。 
 Scheme 20. Inversion of Configuration at C16 Position Using Dehydrogenation-Hydrogenation 
 
 
 
Table 13. Dehydrogenation of 44a                Table 14. Hydrogenation of 64 and 75 
 
 
 
 
 
 
 
そこで、エピメリ化を防ぐ目的で予め 16 位置換基の還元を行った基質 80, 81 を同様の接触水素化
に付したが、この場合は反応が全く進行しなかった。また、PtO2以外の金属触媒を用いても同様の結
果を与えた（Scheme 21）。 
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    Scheme 21. Attempted Inversion of Configuration at C16 Position Using Hydrogenation 
 
 
 
 
 
 
以上のように、計画通り 20 位置換基の水酸基を利用し立体選択的に anti 体 76b を得ることに成功
したが、その安定性の問題から脱水素化体 75 の水素化による変換は効率的ではないと判断した。 
４．ヒドロホウ素化―酸化による変換 
 最後にヒドロホウ素化―酸化を用いた変換を検討した。
なお、本計画は前駆体に当たるエキソオレフィン 77 におい
てピロリジノン部位が β 面側に立ち上がった立体配座をと
るとの計算結果に基づき設定された変換ルートであり、反
応点近傍の立体環境の差異を利用した立体選択的な付加反
応の進行を期待したものである（Figure 5）。 
以上の戦略に基づき、まずはエキソオレフィン 77 の合成
を試みた。はじめに 44a の 16 位 CO2Me 基を還元しアルコ
ール 78a を得た。その後、生じた一級水酸基を脱離能の高
いメシラート 84 又はトシラート 85 へと変換し、それぞれ
E2 脱離を試みたが何れの場合もエキソオレフィン 77 は得られず、原料を回収するのみであった。な
お、この原因は「① 脱離基がその嵩高さによって脱プロトン化される 16 位水素とアンチペリプラナ
ー配置をとることが出来ない。」又は「② スルホニル酸素がインドール窒素上の酸性プロトンと水素
結合をしているため、脱離基と 16 位水素がアンチペリプラナー配置をとることが出来ない。」の何れ
かであると推察される。そこで、これらの可能性を回避するべくヨウ素置換体 86 を経由する合成ル
ートを選択、適用したところ、目的物 77 を 2 工程 98％で得ることに成功した（Scheme 22）。 
Scheme 22. Conversion to exo-Olefin Compound (77) 
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続いて、得られた 77 をヒドロホウ素化―酸化に付したところ、対応するアルコール 78b が単一の
ジアステレオマーとして得られた（Scheme 23）。成績体の 16, 20 位置換基の相対立体配置は
4-bromobenzoyl chloride を用いて 87 へと誘導体化後、NOE 実験を行い、20 位置換基のメチレンプロ
トンと 16 位のメチンプロトンに相関が観測されたことより、所望の anti 配置であると決定した。ま
た、その際、87 は Heck 反応で得られた 44b 同様、L 字型のコンフォメーションをとっていることが
明らかとなった（Figure 6）。その後、ヒドロホウ素化―酸化の収率向上を目的に酸化段階の条件検討
を行い、収率 97％と高収率にて 78b を得る条件を見出した（Table 15）。 
Scheme 23. Hydroboration-Oxidation                   Figure 6. Determination of the Relative  
to anti-Isomer (78b)                               Stereochemistry (87) 
 
 
 
 
 
Table 15. Oxidation to 78b 
 
 
 
 
 
以上のようにヒドロホウ素化―酸化を利用した変換法を見出し 16 位立体化学の反転に成功した。
これにより、3 つの Heck 反応成績体 44a, 44b, 64 を一つの合成中間体 78b に効率良く収束させる合成
ルートが確立出来た（Scheme 24）。 
Scheme 24. Conversion of Heck Reaction Products to anti-Isomer (78b) 
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第二節 7 位への置換基導入 
 
１．背景 
 Lapidilectam（1）の 7 位は不斉 4 級炭素であるため、インドール部 7 位への立体選択的な置換基導
入法の確立は必須である。それと同時に序論の逆合成解析で示したように、本反応により構築される
インドレニン構造は後の D 環構築に必要な構造でもある。以上の点から本増炭反応は全合成を達成す
るための最重要課題の一つであると云える（Scheme 25）。 
       Scheme 25. Acylation at C7 Position 
 
 
 
既にシンプルな環融合型インドールを用
いたインドール 3 位への置換基導入は
Rodriguez 等によって報告されており、イン
ドールのマグネシウム塩を経ることで、N-
メチル化と C-メチル化が競争する系におい
て C-メチル化が位置選択的に進行すること
が知られている（Scheme 26）13。この報告を
参考に、まず、3 環性のモデル基質を用いて
インドール 3 位への置換基導入を検討した。
報告のとおり、塩基によりソフトなマグネシ
ウム塩（MeMgI）を用いた場合に、選択的に
93 が得られ、さらにソフトな求電子剤との
組み合わせにおいては単一の成績体を高収
率で与えた（Table 16)。また、インドール 3
位へ導入された置換基の立体化学は 8 員環
上のたった一つの不斉点により完全に制御
され、lapidilectam（1）同様、側鎖のシロキ
シメチル基と anti 配置をとるとの知見が得
られた（Scheme 27）。 
続いて、先に合成した 4 環性化合物の両ジアステレオマーを TBS 基で保護して得られる 95a（非天
然型、16, 20-syn）, 95b（天然型、16, 20-anti）を用いて本方法による 7 位への置換基導入を検討した。 
 
２．7 位への置換基導入 
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化またはアシル化が進行したインドレニン 96a, 97aを低収率ながら単一のジアステレオマーとして得
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次に anti 体 95b を用いて検討を行った（Table 17）。95b から得られるインドレニン 96b, 97b は酸性
条件に対し非常に不安定であったため、精製段階においても生成物が酸性条件下に晒されないよう工
夫を求められたが（Table 18）、95b 自体の反応性は非常に高く、短時間で原料が消失し、アリル化及
びアシル化の何れの場合においても高収率且つ高選択的に目的物 96b, 97b が得られた（Table 17, 
Entries 7, 8）。なお、導入された置換基の相対立体化学については、97a や 97b を用いて NOE 実験を
行い、16 位メチンプロトンとアリル位水素に相関が観測されたことより、モデル実験同様、16 位シ
ロキシメチル基と anti 配置であると決定した（Figure 7）（Scheme 28）。 
また、anti 体 95b の反応性が syn 体 95a のそれと比較し飛躍的に高い理由については、先に示した
エネルギー計算で示唆されているように、95b は 8 員環に大きな重なり歪み及び結合角歪みが生じて
おり、この歪みを解消するべく 7 位への置換基導入が速やかに進行したものと考えられる。 
続いて、MeI、MOMCl、BOMCl、(HCHO)n、1,3,5-trioxane 等の求電子剤を用いて同様の置換基導入
を検討したが、何れの場合も複雑な混合物を与え、目的のインドレニンを得ることは出来なかった。 
Scheme 28. Regio- and Stereoselective Acylation or Allylation at C7 Position 
  
 
 
 
 
 
 
 
 
 
 
 
Table 17. Acylation or Allylation of 95b at C7 Position            Figure 7. NOE Experiment 
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さらに 16 位置換基を除去した基質 99 についても同方法によるアリル化及びアシル化を検討した。
なお、99 は 44a から加水分解、続く脱炭酸により合成した（Scheme 29）14。検討の結果、アリル化
については位置選択性は確保されたが立体選択性は著しく低下した。一方、アシル化では収率、位置
選択性及び立体選択性、共に著しく低下した。これは Heck 反応成績体の構造解析結果同様、16 位置
換基の存在が 8 員環の立体配座に大きく寄与していることを示す結果である。また、生成物であるイ
ンドレニン 100, 101 は非常に不安定であり、これらを用いた全合成へのアプローチは困難であること
が示唆された（Scheme 30）。 
Scheme 29. Preparation of 99 
 
 
 
 
Scheme 30. Acylation or Allylation of 99 
 
 
 
 
 
 
 
次にインドレニン 96b, 97b が酸性条件に不安定な理由を明らかにするため、両化合物を積極的に酸
又は塩基性条件下に付した。その結果、97b からはシロキシメチル基が脱離したエキソオレフィン 103
が定量的に得られた。さらに 103 は Silica gel に対し非常に不安定であり、直ちに分解反応が進行し構
造未決定の化合物群を与えた。一方、96b においては酸性条件下では高度に官能基化された 104（推
定構造）が収率 62％で得られ、塩基性条件下では複雑な混合物を与えた。なお、104 の構造は 2D NMR
データ（Figure 8）及び各種スペクトルデータから推定したものである。現在のところ、その生成機
構については不明であるが、おそらくはアリル体 97b 同様、エキソオレフィン体を経由した後、空気
酸化により生成したものと推察される（Scheme 31）。また、このインドレニンの酸及び塩基性条件に
対する不安定さは、序論で示した Mannich 型環化反応による D 環構築が困難である可能性を示唆して
いる。 
 Scheme 31. Investigation into Decomposition of indolenines (96b, 97b) 
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            Figure 8. 2D NMR analysis of 104 
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第三章 D 環構築の検討 
 
序節 
これまでに lapidilectam（1）の ABCE 環に相当する環構造を有し、天然物と同様の 7, 16, 20 位の立
体化学が揃ったインドレニン体の合成に成功し、残る課題は D 環の構築のみとなった。序論で示した
ようにここからは「① 20 位 C2 ユニットからのインドレニンに対する環化反応」、「② 2 位、20 位の
各 C1 ユニットを利用した環化反応」の 2 つの合成経路を準備していたが、①であれば D 環及び 2 位
の不斉点を一挙に構築可能であり、より短工程の合成経路となる公算が大きい。以上の思索から、前
者として逆合成解析した Mannich 型環化反応（Path A）による構築から検討を開始した（Scheme 32）。 
Scheme 32. Strategy for Construction of D Ring 
 
 
 
 
 
 
 
 
 
 
 
第一節 Mannich 型環化反応による D 環構築の試み 
閉環体 45 に至るまでの合成戦略を以下に示す。アルコール 78b の 20 位置換基を Mannich 型環化反
応の際に必要なアセチル基へと変換後、7 位をアシル化し得られるインドレニンを利用して D 環の構
築を試みる。以上の計画に従い、20 位置換基の官能基変換から検討を開始することとした（Scheme 33）。 
Scheme 33. Initial Strategy for Construction of D Ring Using Mannich-Type Cyclization 
 
 
 
 
 
20 位置換基の増炭を行うためにはその酸化段階を上げる必要がある。当初、78b をジオール 82 へ
と変換後、2 つの水酸基の立体環境の差異を利用し 16 位置換基のみを保護、その後、水酸基の酸化を
行うルートを想定していたが、TBDPS 基による保護の際、目的物 83 は全く得られず、脱水反応が進
行したエキソオレフィン 106 又は、106 から 5-exo 環化反応が進行した環状エーテル 107 が得られる
のみであった。そこでこの脱水反応を回避するべく、16 位置換基を保護した後、TBS 基を選択的に
脱保護することとした。なお、保護基には TBS 基と大きく性質の異なるベンジル基を選択した。16
位置換基の水酸基のベンジル化は、インドール窒素及び 7 位のベンジル化等の副反応と競争するため
選択的な保護が困難であったが、条件検討の結果、相関移動触媒を用いる条件が有効であることを見
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出し、中程度の収率ながら目的物を得ることに成功した（Table 19）。続いて、得られた 108 の TBS
基を脱保護し 109 とした後、種々の酸化反応によるアルデヒド 110 への変換を試みた。しかし、何れ
の場合も反応は全く進行しないか複雑な混合物を与えるのみであった（Scheme 34）。 
Scheme 34. Attempted Oxidation of Hydroxymethyl Group at C20 Position 
 
 
 
 
 
 
酸化によりアルデヒド 110 が得られない原因として、
以下の仮説が考えられる（Figure 9）。 
1） 反応点が 4 級中心の近傍に位置しているため、 
周辺の立体環境が込み合い、酸化剤の接近が妨げ 
られている。 
2） 電子豊富なインドール部位の酸化が副反応とし 
て進行してしまうため、水酸基の選択的酸化が出 
来ていない。実際、Swern 酸化条件下においてイン 
ドール 3 位の炭素と酸化剤が反応する例は報告さ 
れている 15。 
 仮説 1）を検証するため、インドール部位を有しない
合成中間体 41から 3工程でアルコール 111を合成した後、
得られた111に対しDess-Martin酸化によるアルデヒドへ
の変換を試みた。その結果、ネオペンチル位水酸基の酸
化反応が円滑に進行し、対応するアルデヒド 112 を収率
88%で与えた（Scheme 35）。 
Scheme 35. Oxidation of Hydroxymethyl Group at C20 Position Using Non-Indole Compound (111) 
 
 
 
 以上のように仮説 1）に対して否定的な結果が得られたことより、4 環性インドール 109 から 110
への酸化が首尾よく進行しない原因は仮説 2）によるものである可能性が強まった。そこで、インド
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ール上の電子密度を低減させる目的で電子求引性の Boc基でインドール窒素を保護した基質 113を合
成し、Dess-Martin 酸化による水酸基の酸化を試みた。その結果、目的の酸化反応のみが進行したアル
デヒド 114 を収率 93％で得ることに成功した。その後、MeMgI を用いた増炭、続く酸化により 20 位
置換基を D 環構築に必要なアセチル基へと変換した（Scheme 36）。 
Scheme 36. Oxidation of Hydroxymethyl Group at C20 Position Using N-Boc Indoles 
 
 
 D 環構築に向けた 20 位置換基の官能基変換に続き、得られた 115 から閉環前駆体 118 への変換を
試みた。はじめに Boc 基の脱保護を種々検討し、低収率ながら脱 Boc 体 116 を得た（Table 20）。続い
て、この 116 に対して 7 位へのアシル化を検討した。20 位アセチル基への求核攻撃及び、そのカルボ
ニルα位の脱プロトン化を懸念して塩基である MeMgI の使用量を制限しその変換を試みたが、目的
の 118は全く得られず、カルボニル基への求核攻撃が進行した 119又は 120が得られるのみであった。
また、脱プロトン化段階の反応温度を変化させても同様の結果を与えた。MeMgI 以外に 7 位アシル化
に有効な塩基を見出すことが出来なかったため、問題となっているケトンユニットをアセタール又は
シリルエノールエーテルへと変換することでその保護を試みたが、反応点近傍の立体環境が非常に込
み合っているためか目的の反応は全く進行しなかった。以上の結果から、20 位置換基をアセチル基へ
と変換した後、7 位へのアシル化を行う合成経路は困難であると判断し、閉環前駆体及びその合成戦
略を見直すこととした（Scheme 37）。 
Scheme 37. Attempted Conversion to Mannich-Type Cyclization Precursor      Table 20. Removal of Boc 
 
 
 
 
 
 
 
 
 
 
 
 20 位置換基の官能基変換と 7 位アシル化の順序変更を念頭に新たな合成計画を立案した。修正案で
は、はじめに 7 位のアシル化を行う（88→89）。続いて、得られるインドレニンの安定性及び 20 位置
換基の官能基変換の際に求核剤を使用することを踏まえ、一度、C‐N 二重結合を還元する（89→125）。
20 位置換基をアセチル基へと変換した後、酸化によりインドレニン骨格を復元（126→127）、鍵工程
の Mannich 型環化反応を試みる。なお、この修正に伴い新たに生じる課題はインドリンからインドレ
ニンへの酸化反応が首尾よく進行するかという点である（Scheme 38）。 
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Scheme 38. Revised Strategy for Construction of D Ring Using Mannich-Type Cyclization 
 
 
 
 
 
 
 
 
 
 修正案に従い、環化前駆体の合成を試みた。はじめに 108 に対し 7 位をアシル化した後、NaBH3CN
を用いてイミノ基を官能基選択的に還元しインドリン 130 を得た。続いて、この 130 を数工程の官能
基変換及び増炭反応により酸化前駆体であるインドリン 132 へと変換した。最後に C‐N 結合の酸化
による環化前駆体への変換を試みたが、目的のインドレニン 133 を与える条件を見出すことは出来な
かった（Scheme 39）。 
Scheme 39. Further Attempt to Synthesize Cyclization Precursor 
 
 
 
 
 
 
 
この時点で「① 環化前駆体の合成が困難であること」並びに、「② 第二章第二節で示唆された安
定性に起因するインドレニン体の Mannich 型環化反応基質としての適性の低さ」の 2 点から、Mannich
型環化反応を利用した D 環構築計画はその実現が極めて難しいと判断し、断念することとした。 
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第二節 ラジカル環化反応による D 環構築の試み 
前節で Mannich 型環化反応による D 環の構築はその見込みが極めて低いと判断したが、それは「① 
20 位 C2 ユニットからのインドレニンに対する環化反応」が lapidilectam（1）の全合成に適するもの
であるかを結論付けるものではなかった。そこで、①の可能性を見極めることを第一の目標とし、新
たな D 環構築計画を立案した。 
本計画では酸及び塩基性条件下において観測されたインドレニンの分解反応を回避する目的で、D
環構築に中性条件下で反応が行えるラジカル環化反応を採用した。また、基質中にラジカルを発生さ
せる置換基には 7 位アシル化の際に用いるグリニア反応剤への安定性及び、環化前駆体合成の難易度
を踏まえフェニルセレニル基を選択した（Scheme 40）。 
Scheme 40. Strategy for Construction of D Ring Using 6-exo Radical Cyclization 
 
 
 
 
すでに N-アリールイミンの 6-exo ラジカル環化反応は Bowman 等により、その試みが報告されてい
る。彼等は N-アルキルイミン 140 及び N-アリールイミン 142 を基質とし 6-exo ラジカル環化反応を検 
討した結果、N-アルキルイミン由来の閉環体 141
は得られるものの、N-アリールイミンからは目
的の環化体 143 は得られず、セレニル基が還元
された 144 を与えるのみであったと報告してい
る 16。このように N-アリールイミンを用いる
6-exo ラジカル環化反応についてはその失敗例
があるのみであり、本合成計画立案時にはその
成功例は報告されていなかった（Scheme 41）。 
この前例の無い N-アリールイミンの 6-exo ラ
ジカル環化反応を、直接、lapidilectam（1）の全
合成を指向した合成中間体に適用することはリ
スクが高いと考え、本合成計画への適用に先駆
け、より単純なモデル基質を用いて本反応の検
討を行うこととした。モデル実験の標的分子に
は lapidilectam（1）の AD 環に相当する簡易構造
を有する化合物 146 を設定した。即ち、モデル
実験では N-アリールイミン 145 から 2 級アミン
146 の合成を検討することとした。なお、145 は
イミノ基のγ位に 2 つのメチル基を有しており、
その Thorpe-Ingold 効果を考慮すると、Scheme 41
で示した 142 よりも閉環し易い基質であると推
察出来る（Figure 10）。 
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モデル実験に使用する環化反応前駆体145は市販の2-メチルγ-ブチロラクトン147より調整した。
その合成経路を以下に示す。はじめに 147 のカルボニルα位を 148 を用いてアルキル化した後、セレ
ン求核剤によりラクトン環をγ位で開環することでカルボン酸 150 を得た 17。続いて、そのカルボン
酸をアルコールへと還元し、生じた水酸基をトシル化により脱離基へと変換、その後、Super Hydride®
による還元、アセタール基の脱保護を経てアルデヒド 153 へと導いた。最後に 153 をオルトトルイジ
ンと縮合させ、145 を合成した。 
調製した環化反応前駆体 145 を用い 6-exo ラジカル環化反応のモデル実験を行った。なお、イミン
145 は非常に不安定であり、その単離が困難であったため、先の縮合反応に引き続きワンポットでラ
ジカル反応条件下に付すこととした。はじめに Bowman 等の報告同様、Bu3SnH 及び AIBN 存在下、
トルエン中加熱還流することでその環化を試みたが、目的の閉環体 146 は得られなかった。そこで、
反応開始剤として用いた AIBNをカルボニル基及びイミノ基のラジカル反応に対してその有用性が認
められている Et3B18に変更し、再度その環化を試みた。その結果、反応は円滑に進行し中程度の収率
ながら 146 を得ることに成功した。なお、本例は N-アリールイミンを基質とした 6-exo ラジカル環化
反応の初の成功例である（Scheme 42）。 
Scheme 42. Model Study of 6-exo Radical Cyclization 
 
 
 
 
 
 
モデル実験の結果に基づき、ラジカル環化反応による D 環の構築を検討するため、その環化反応前
駆体 137 を合成した。即ち、アルデヒド 114 の 20 位置換基を Wittig 反応により増炭後、ヒドロホウ
素化－酸化により導入された酸素官能基をセレン求核種で置換し、置換基末端にフェニルセレニル基
を有するインドール 136 へと変換、最後に 7 位をアシル化し環化反応前駆体であるインドレニン 137
を得た（Scheme 43）。 
Scheme 43. Synthesis of Radical Cyclization Precursor 
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続いて、得られたインドレニン 137 をモデル実験にて良好な結果を与えた Et3B を開始剤としたラ
ジカル環化反応条件下に付し、その環化を試みた（Scheme 44）。しかし、目的とする閉環体 139 は得
られず PhSe 基が還元された副生成物 158 を与えるのみであった（Table 21, Entry 1）。これは 8 員環の
立体配座が固定されていることで反応点同士、即ち、2 位の sp2炭素と 20 位の C2 ユニット末端が立
体的に遠くなっていることを示唆する結果である。そこで、8 員環の立体配座の自由度向上を期待し、
加熱条件下にて再度その環化を検討したが、この場合、先に観測された 158 に加え、1,5 H-shift の進
行した副生成物 159, 160 が得られるのみであった（Entries 2, 3）。 
以上の結果から「① 20 位 C2 ユニットからのインドレニンに対する環化反応」は、8 員環の立体配
座が固定されてしまう本合成計画においては lapidilectam（1）の D 環構築に適するものではないと結
論付けた。 
Scheme 44. Attempted Construction of D Ring      Table 21. Radical Reaction of 137 
Using 6-exo Radical Cyclization 
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第三節 C2 位置換基導入 
次に、先に示した逆合成解析の「② 2 位、20 位の各 C1 ユニットを利用した環化反応」にあたる
Path B による D 環の構築を目指した。本計画は 2, 20 位の 2 つのホルミル基をピナコールカップリン
グにより連結し D 環を構築する戦略であり、環化の際の結合生成部位がこれまでの合成計画とは大き
く異なるため、先に生じた立体的な問題点を回避出来る可能性がある。また、ピナコールカップリン
グの際に金属触媒を用いることで、ホルミル基と金属のキレーションにより 8 員環が閉環に適する立
体配座に変化する可能性も期待出来る。本計画の実現にはピナコールカップリングの際に必須となる
ホルミル基の立体選択的な導入が第一の焦点となるため、はじめにホルミル基へと変換可能な求核種
に対するインドレニンの反応性及び立体選択性を調査することとした（Scheme 45）。 
Scheme 45. Strategy for Construction of D Ring Using Pinacol Coupling 
 
 
 
 
 
 2 位への置換基導入を検討するにあたり、基質には求核攻撃に対する反応点を限定する目的でイン
ドレニン 97b 又は 163 を用いた。また、求核剤にはホルミル基への変換が比較的容易であると考えら
れるビニル基及びエチニル基、シアノ基の各々に対応する試薬を用いて、その導入を試みた。なお、
ビニル基は酸化的に減炭することで容易にホルミル基へ、エチニル基は数工程でそのビニル基へ、シ
アノ基は還元によりホルミル基へと変換可能である。以上の条件の下、報告されているインドレニン
又はイミンへの置換基導入成功例 19に基づき検討を行った。 
はじめにリチウム試薬又は、Grignard 試薬、有機銅試薬を用いてビニル基の導入を試みたが、何れ
の場合も反応は全く進行しない、若しくは複雑な混合物を与えるのみで、目的とするインドリンは得 
Scheme 46. Alkylation of Indolenines at C2 Position 
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られなかった（Table 22, Entries 1-3）。続いて、シアノ基の付加反応を試みたが、この場合は系内の pH
が酸性に傾きすぎてしまうためかエキソオレフィン 165 の生成が観測されるか、そこから分解反応が
進行するのみであった（Entries 4-7）。また、TMS アセチリドを求核剤としてエチニル基の導入を検討
したが、反応は全く進行せず、原料が回収されるのみであった（Entries 8, 9）。そこで、用いる求核種
の範囲を拡張し、より求核性の高いアリル Grignard 試薬を用いてアリル基の導入を試みたところ、低
温下、目的の付加反応が円滑に進行し、インドリン 164a が収率 70％で得られた（Entry 10）。現在、
164a の相対立体化学について調査を行っている（Scheme 46）。 
 
 次にアリルGrignard試薬を用いた 2位のアリル化
について、反応基質を 7 位にエステル基を有する
129 に変えて、その官能基選択性を調査した。その
結果、反応は先程同様、-78℃で速やかに進行した
ものの、目的のインドリン 166 ではなくインドール
108 を与えた。これはインドレニンユニットの求電
子性が 7位エステル基の求核剤に対する反応性を高
めた結果、中間体 167 を経て 108 が生成したものと
考えられる（Scheme 47）。 
今後は 2位への置換基導入を引き続き検討すると
共に、lapidilectam（1）の D 環構築に適した 2, 7 位
置換基の組み合わせを模索し、本合成計画による
lapidilectam（1）の全合成を目指す予定である。 
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Scheme 47. Allylation of 129 at C2 Position 
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総括 
 
筆者は Kopsia lapidilecta アルカロイド lapidilectam（1）の合成研究を行い、以下に示す成果を得た。 
 
 第一章では、4 環性化合物に至るまでの合成経路の最適化を検討し、効率的且つ大量合成可能な合
成経路を確立した。また、鍵工程である Heck 反応を精査した（Scheme 48）。 
   Scheme 48. Summary of Chapter 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
第二章では、ヒドロホウ素化―酸化を利用した 16 位の立体反転法を見出し、3 つの Heck 反応成績
体 44a, 44b, 64 を一つの合成中間体 78b に効率良く収束させる合成ルートを確立した（Scheme 49）。
さらに、7 位への置換基導入を検討し、ソフトな塩基と求電子剤の組み合わせ用いることで位置及び
立体選択的なアシル化又はアリル化に成功、7 位への置換基導入法を確立した（Scheme 50）。 
Scheme 49. Summary of Chapter 2 (1) 
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Scheme 50. Summary of Chapter 2 (2) 
 
 
 
 
 
 
 
第三章では、lapidilectam（1）の全合成を目指し、ラジカル環化反応による D 環の構築を試みたが
目的の閉環体を得ることは出来なかった。そこで、合成計画を見直し、インドレニン 2 位への置換基
導入を検討した結果、そのアリル化に成功した。今後、得られた成績体の相対立体化学を調査した後、
lapidilectam（1）の全合成を行う上で適切な 2, 7 位の置換基の組み合わせを見出すことが出来れば、
その全合成は実現可能であると考えられる（Scheme 51）。 
Scheme 51. Summary of Chapter 3 
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Experimental Section 
 
General Methods: All reactions involving air- or moisture-sensitive reagents or intermediates were 
performed under an inert atmosphere of argon in glassware. Unless otherwise noted, solvents and reagents 
were reagent grade and used without purification. DMF was distilled from MgSO4. DMSO and Et3N were 
distilled from CaH2. Benzene, DME and Et2O were freshly distilled from sodium/benzophenone prior to 
use. Other anhydrous solvents (CH2Cl2, THF, toluene) were used as received from Kanto, Chemical CO., 
INC. Analytical and preparative TLC was carried on E. Merck 0.25 mm silica gel 60 GF254 plates. Unless 
otherwise noted, flash column chromatography was performed with Fuji Silysia chemical Ltd silica gel 
(PSQ 60B). Melting points were determined on a Yanagimoto micro melting point apparatus or were 
uncorrected. 1H NMR spectra were recorded on 400 or 600 MHz and 13C NMR spectra were recorded on 
100 or 150 MHz instrument (JEOL LNM-GSX 400α, JEOL JMN-ECP 400, JEOL JMN-ECP 600) in the 
indicated solvent at room temperature unless otherwise stated and are reported. Chemical shifts are reported 
in parts per million (ppm) downfield from (CH3)4Si (TMS). Coupling constants are reported in hertz (Hz). 
Spectral splitting patterns are designated as follows: s, singlet; br, broad; d, doublet; t, triplet; q, quartet; m, 
multiplet. Infrared (IR) spectra were recorded on JASCO FT/IR-230 spectrometer. MS spectrometry and 
elemental analysis were carried out by the Chemical Analysis Center of Chiba University. Position numbers 
in compounds were numbered based on following figure. 
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Chapter 1. 
 
Methyl 5-(2-methoxycarbonylethyl)-2-pyrrolidone-5-carboxylate (37) 
To a suspension of glycine methyl ester hydrochloride (96.43 g, 0.768 mol) and MgSO4 (92 g) in CH2Cl2 (384 
mL) were added Et3N (192 mL, 1.38 mol) and PhCHO (84 g, 0.81 mol) and the mixture was stirred for 26 h at 
room temperature. After filtration of the reaction mixture through a Celite® pad, the filtrate was concentrated 
under reduced pressure. The residue was diluted with Et2O and the mixture was washed with water and brine. 
The organic layer was dried over Na2SO4 and concentrated under reduced pressure. The resulting residue (131.8 
g) was dissolved in MeOH (200 mL).  
To the mixture were added methyl acrylate (152 mL, 1.64 mol) and K2CO3 (20.6 g, 0.149 mol) at 0 °C and the 
mixture was stirred for 13 h at room temperature. After concentration under reduced pressure, water was added 
and the mixture was extracted with EtOAc. The combined organic layers were washed with brine and dried over 
Na2SO4. After concentration under reduced pressure, the resulting residue (231.3 g) was dissolved in MeOH/H2O 
(4/1, 310 mL). 
To the mixture was added AcOH (5 mL) and the mixture was stirred for 3 days at room temperature. The 
reaction was quenched by addition of saturated aqueous NaHCO3 at 0 °C and the mixture was extracted with 
CH2Cl2. The combined organic layers were washed with brine and dried over Na2SO4. After concentration under 
reduced pressure, the resulting residue was purified by recrystallization (EtOAc/n-hexane) to affored 37 (120.8 g, 
3 steps, 69%) as a colorless solid. 
Spectral data of 37: 1H NMR (400 MHz, CDCl3) δ: 2.05-2.13 (m, 2H), 2.23 (ddd, J = 
6.4, 9.0, 14.2 Hz, 1H), 2.33-2.41 (m, 4H), 2.47 (ddd, J = 5.7, 9.5, 11.7 Hz, 1H), 3.68 (s, 
3H), 3.77 (s, 3H), 6.46 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: 28.9, 29.6, 30.5, 33.6, 
51.9, 52.8, 64.8, 172.8, 173.5, 177.2; Reg# 127689-41-6. 
 
 
Methyl 1-allyl-5-(2-methoxycarbonylethyl)-2-pyrrolidone-5-carboxylate (38) 
To a solution of 37 (34.0 g, 148 mmol) and n-Bu4NI in THF (370 mL) was added t-BuOK (1.0 M solution in 
THF, 150 mL, 150 mmol) dropwisely at −78 °C and the mixture was stirred for 1 h allowing the temperature to 
rise to 0 °C. Then, allyl bromide (25.6 mL, 296 mmol) was added at 0 °C and the mixture was heated for 16 h at 
60 °C. The reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration 
under reduced pressure, the resulting residue was purified by flash column chromatography on silica gel eluted 
with EtOAc/n-hexane (1/2~3/2) to afford 38 (37.3 g, 94%) as a colorless oil. 
Spectral data of 38: (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3) δ: 1.91 (td, J = 
9.5, 13.2 Hz, 1H), 2.05-2.16 (m, 1H), 2.24-2.33 (m, 2H), 2.36-2.44 (m, 3H), 2.55 (td, J 
= 9.8, 17.2 Hz, 1H), 3.70 (s, 3H), 3.71 (s, 3H), 3.82 (dd, J = 6.4, 15.4 Hz, 1H), 3.91 (dd, 
J = 5.9, 15.4 Hz, 1H), 5.11 (ddd, J = 1.2, 2.4, 10.0 Hz, 1H), 5.17 (ddd, J = 1.2, 2.7, 17.1 
Hz, 1H), 5.76 (tdd, J = 6.1, 10.2, 17.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 27.8, 
28.2, 29.3, 29.5, 43.7, 51.9, 52.5, 68.0, 117.7, 132.8, 172.9, 173.1, 175.4; IR (neat) ν: 2954, 1733, 1699, 1436, 
1394, 1257, 1170 cm-1; LRMS (FAB) m/z 270 [M+H]+; HRMS (FAB) calcd for C13H20NO5 [M+H]+ 270.1341, 
found 270.1353. 
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1-Allyl-5-tert-butyldimethylsiloxymethyl-5-(3-tert-butyldimethylsiloxymethylpropyl)-2-pyrrolidone (57) 
To a solution of 38 (53.9 g, 200 mmol) in THF (670 mL) was added LiBH4 (2.0M THF soln. 200 mL, 400 
mmol) at 0 °C and the mixture was stirred for 50 h at room temperature. The reaction was quenched by addition 
of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with CH2Cl2. The combined organic layers 
were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue 
(38.6 g) was dissolved in DMF (180 mL). 
To the mixture were added TBSCl (81 g, 540 mmol) and imidazole (37 g, 540 mmol) at 0 °C and the mixture 
was stirred for 50 h at room temperature. The reaction was quenched by addition of saturated aqueous NH4Cl at 
0 °C and the mixture was extracted with Et2O. The combined organic layers were washed with brine and dried 
over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash column 
chromatography on silica gel eluted with EtOAc/n-hexane (1/10~1/5) to afford 57 (79.5 g, 2 steps, 90%) as a 
colorless oil. 
Spectral data of 57: 1H NMR (400 MHz, CDCl3) δ: 0.035 (s, 3H), 0.042 (s, 9H), 
0.88 (s, 9H), 0.89 (s, 9H), 1.35-1.60 (m, 4H), 1.84 (ddd, J = 7.3, 10.2, 12.9 Hz, 1H), 
1.91 (ddd, J = 2.2, 10.3, 13.2 Hz, 1H), 2.31 (ddd, J = 5.1, 10.3, 17.1 Hz, 1H), 2.44 
(ddd, J = 7.6, 10.3, 17.1 Hz, 1H), 3.43 (d, J = 10.2 Hz, 1H), 3.55 (d, J = 10.2 Hz, 
1H), 3.59 (t, J = 5.9 Hz, 2H), 3.75 (dd, J = 6.1, 15.6 Hz, 1H), 3.90 (d, J = 5.9, 15.6 
Hz, 1H) 5.06 (ddd, J = 1.2, 2.7, 10.3 Hz, 1H), 5.17 (ddd, J = 1.5, 3.2, 17.3 Hz, 1H)、5.86 (tdd, J = 5.9, 10.3, 17.3 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.7 (2C), -5.4 (2C), 18.1, 18.3, 25.7 (3C), 25.9 (3C), 26.4 (2C), 30.1, 
30.8, 42.6, 62.8, 67.0, 67.9, 116.1, 134.9, 175.7; IR (neat) ν: 2954, 2929, 2857, 1694, 1256, 1103 cm-1; LRMS 
(FAB) m/z 442 [M+H]+; HRMS (FAB) calcd for C23H48NO3Si2 [M＋H]+ 442.3173, found 442.3131. 
 
1-Allyl-5-tert-butyldimethylsiloxymethyl-5-(3-hydroxypropyl)-2-pyrrolidone (61) 
To a solution of 57 (2.7 g, 6.1 mmol) in CH3CN (60 mL) was added aq. HF (3 mL) dropwisely at 0 °C and the 
mixture was stirred for 3.5 h at the same temperature. The reaction was quenched by addition of saturated 
aqueous NaHCO3 and the mixture was extracted with EtOAc. The combined organic layers were washed with 
brine, dried over Na2SO4 and concentrated under reduced pressure to give 61 (2.0 g, quant) as a colorless oil. This 
crude 61 was used in the next step without further purification. 
Spectral data of 61: 1H NMR (400 MHz, CDCl3) δ: 0.036 (s, 3H), 0.041 (s, 3H), 0.88 (s, 
9H), 1.43-1.62 (m, 4H), 1.85 (ddd, J = 7.5, 10.4, 13.0 Hz, 1H), 1.93 (ddd, J = 5.1, 10.4, 
13.0 Hz, 1H), 2.32 (ddd, J = 5.1, 10.4, 17.0 Hz, 1H), 2.45 (ddd, J = 7.5, 10.4, 17.0 Hz, 
1H), 3.43 (d, J = 10.3 Hz, 1H), 3.56 (d, J = 10.3 Hz, 1H), 3.64 (t, J = 5.9 Hz, 2H), 3.76 
(dd, J = 6.0, 15.6 Hz, 1H), 3.89 (dd, J = 6.0, 15.6 Hz, 1H) 5.08 (dd, J = 1.5, 10.3 Hz, 1H), 
5.18 (ddd, J = 1.5, 2.9, 17.2 Hz, 1H), 5.86 (tdd, J = 5.9, 10.3, 17.2 Hz, 1H); IR (neat) ν: 3410, 2954, 2858, 1668, 
1410, 1113 cm-1. 
 
1-Allyl-5-tert-butyldimethylsiloxymethyl-5-[(3-propinal)-1-yl]-2-pyrrolidone (39) 
To a suspension of MS4A* (3.1 g) , K2CO3* (4.1 g, 30.0 mmol) and NCS (450 mg, 3.36 mmol) in CH2Cl2 (10 
mL) were successively added a solution of 61 (1.0 g, 3.05 mmol) in CH2Cl2 (10 mL) and a solution of 
N-tert-butylbenzenesulfenamide (28 mg, 0.15 mmol) in CH2Cl2 (10 mL) at 0 °C and the mixture stirred for 1.5 h 
at room temperature. After filtration of the reaction mixture through a Celite® pad, Aqueous 1N NaOH was 
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added to the filtrate and the mixture was extracted with CH2Cl2. The combined organic layers were washed with 
brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by 
flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/1~2/1) to afford 39 (894 mg, 90%) as 
a colorless solid. 
* MS4A and K2CO3 were dried in vacuo by heating them with a heat-gun. 
Spectral data of 39: mp. 55-56 °C (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3) δ: 
0.045 (s, 3H), 0.051 (s, 3H), 0.88 (s, 9H), 1.72 (ddd, J = 7.3, 10.4, 13.2 Hz, 1H), 
1.78-1.90 (m, 2H), 1.95 (ddd, J = 4.9, 10.4, 13.2 Hz, 1H), 2.32 (ddd, J = 4.9, 10.4, 17.2 
Hz, 1H), 2.39-2.52 (m, 3H), 3.45 (d, J = 10.4 Hz, 1H), 3.57 (d, J = 10.4 Hz, 1H), 
3.76-3.87 (m, 2H), 5.09 (ddd, J = 1.3, 2.6, 10.1 Hz, 1H), 5.18 (ddd, J = 1.5, 2.9, 17.2 Hz, 
1H) 5.85 (tdd, J = 6.0, 10.3, 17.2 Hz, 1H), 9.79 (t, J = 1.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.6 (2C), 
18.1, 25.9 (3C), 26.0, 26.3, 29.9, 38.2, 42.7, 66.6, 67.9, 116.9, 134.5, 175.7, 200.7; IR (neat) ν: 2958, 2718, 1720, 
1672, 1405, 1100 cm-1; LRMS (FAB) m/z 326 [M+H]+; HRMS (FAB) calcd for C17H32NO3Si [M+H]+ 326.2151, 
found 326. 2137. 
 
1-Allyl-5-tert-butyldimethylsiloxymethyl-5-(3-hydroxypent-4-enyl)-2-pyrrolidone (58) 
To a solution of 39 (4.49 g, 13.8 mmol) in THF (70 mL) was added vinylmagnesium bromide (1.0 M solution 
in THF, 25 mL, 25.0 mmol) dropwisely at −78 °C. The mixture was stirred for 30 min at the same temperature 
and then for 1.5 h at 0 °C. The reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C and the 
mixture was extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. 
After concentration under reduced pressure, the resulting residue was purified by flash column chromatography 
on silica gel eluted with EtOAc/n-hexane (1/1~2/1) to afford 58 (4.79 g, 98%, diastereo mixture) as a colorless oil. 
This diastereo mixture 58 was used in the next step without further purification. 
Spectral data of 58 (mixture of diastereomer): 1H NMR (400 MHz, CDCl3) δ: 0.03 (s, 
3H), 0.04 (s, 3H), 0.88 (s, 9H), 1.38-1.70 (m, 5H), 1.78-1.86 (m, 1H), 1.88-1.96 (m, 1H), 
2.31 (ddd, J = 5.1, 10.2, 17.1 Hz, 1H), 2.44 (ddd, J = 7.6, 10.5, 17.1 Hz, 1H), 3.42 (d, J = 
10.5 Hz, 1H), 3.55 (d, J = 10.5 Hz, 1H), 3.74 (dd, J = 5.9, 15.6 Hz, 1H), 3.90 (ddd, J = 
6.1, 12.0, 15.6 Hz, 1H), 4.08 (dddd, J = 5.9, 5.9, 5.9, 5.9 Hz, 1H), 5.06 (td, J = 1.5, 10.0 
Hz, 1H), 5.13 (dd, J = 0.8, 10.5 Hz, 1H), 5.18 (td, J = 1.5, 17.3 Hz, 1H), 5.23 (ddd, J = 1.2, 2.2, 17.1 Hz, 1H), 
5.79-5.91 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: -5.7 (2C), 18.1, 25.8, (3C) (26.36, 26.40), (29.9, 30.0), (30.04, 
30.07), 30.4, 42.6, (66.9, 67.0), 67.9, (73.0, 73.1), 115.2, (116.2, 116.3), (134.8, 134.9), (140.66, 140.69), (175.67, 
175.74); IR (neat) ν: 3393, 2954, 2929, 1668, 1410, 1100 cm-1. 
 
1-Allyl-5-tert-butyldimethylsiloxymethyl-5-(3-oxopent-4-enyl)-2-pyrrolidone (40) 
To a suspension of MS4A* (8.7 g), K2CO3* (12 g, 86.5 mmol) and NCS (1.27 g, 9.52 mmol) in CH2Cl2 (30 
mL) were successively added a solution of 58 (3.06 g, 8.65 mmol) in CH2Cl2 (40 mL) and a solution of 
N-tert-butylbenzenesulfenamide (78 mg, 0.43 mmol) in CH2Cl2 (17 mL) at 0 °C. The mixture stirred for 1 h at 
the same temperature and then for 2 h at room temperature. After filtration of the reaction mixture through a 
Celite® pad, Aqueous 1N NaOH was added to the filtrate and the mixture was extracted with CH2Cl2. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
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EtOAc/n-hexane (1/2~1/1) to afford 40 (2.70 g, 89%) as a colorless solid. 
* MS4A and K2CO3 were dried in vacuo by heating them with a heat-gun. 
Spectral data of 40: mp. 94-95 °C (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3) δ: 0.04 
(s, 3H), 0.05 (s, 3H), 0.88 (s, 9H), 1.71-2.00 (m, 4H), 2.33 (ddd, J = 4.9, 10.5, 17.1 Hz, 
1H), 2.47 (ddd, J = 7.6, 10.5, 16.8 Hz, 1H), 2.54 (td, J = 5.9, 8.8 Hz, 2H), 3.44 (d, J = 10.5 
Hz, 1H), 3.58 (d, J = 10.5 Hz, 1H), 3.74 (dd, J = 6.1, 15.4 Hz, 1H), 3.85 (dd, J = 6.4, 15.4 
Hz, 1H), 5.07 (dd, J = 1.2, 10.0 Hz, 1H), 5.18 (dd, J = 1.2, 15.6 Hz, 1H), 5.81-5.91 (m, 
2H), 6.21 (dd, J = 1.2, 17.8 Hz, 1H), 6.35 (dd, J = 10.5, 17.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.7 (2C), 
18.1, 25.7 (3C), 26.2, 27.4, 30.0, 33.5, 42.6, 66.7, 67.9, 116.7, 128.5, 134.4, 136.2, 175.7, 199.1; IR (neat) ν: 
2926, 1663, 1405, 1094 cm-1; LRMS (FAB) m/z 351 [M+H]+; HRMS (FAB) calcd for C19H34NO3Si [M+H]+ 
352.2308, found 352.2303. 
 
10a-tert-Butyldimethylsiloxymethyl-3,8-dioxo-1,2,3,5,8,9,10,10a-octahydropyrrolo[1,2-a]azocine (41) 
A solution of 40 (10.0 mg, 0.0284 mmol) and 2nd Grubbs catalyst (2.4 mg, 0.0028 mmol) in toluene (5.7 mL) 
was heated for 3 h under reflux. After concentration under reduced pressure, the resulting residue was purified by 
flash column chromatography on silica gel eluted with EtOAc/n-hexane (2/3) to afford 41 (9.0 mg, 98%) as a 
colorless solid. 
Spectral data of 41: mp. 90-91 °C (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3) δ: 0.05 
(s, 3H), 0.06 (s, 3H), 0.87 (s, 9H), 1.67 (td, J = 3.9, 14.9 Hz, 1H), 1.93 (t, J = 8.5 Hz, 2H), 
2.33-2.41 (m, 3H), 2.47 (td, J = 4.2, 16.1 Hz, 1H), 2.64 (ddd, J = 3.7, 13.2, 16.1 Hz, 1H), 
3.45 (td, J = 2.7, 19.0 Hz, 1H), 3.47 (d, J = 10.5 Hz, 1H), 3.63 (d, J = 10.5 Hz, 1H), 4.51 
(td, J = 3.2, 19.0 Hz, 1H), 5.71 (td, J = 2.4, 12.2 Hz, 1H), 5.89 (td, J = 3.2, 12.2 Hz, 1H); 
13C NMR (150 MHz, CDCl3) δ: -5.6 (2C), 18.1, 24.4, 25.8 (3C), 29.7, 30.1, 39.6, 39.9, 66.1, 67.6, 126.2, 133.4, 
175.7, 207.6; IR (neat) ν: 2954, 2858, 1674, 1652, 1456, 1122 cm-1; LRMS (FAB) m/z 323 [M+H]+; HRMS 
(FAB) calcd for C17H30NO3Si [M+H]+ 324.1995, found 324.1998. 
 
Methyl 10a-tert-butyldimethylsiloxymethyl-3,8-dioxoperhydropyrrolo[1,2-a]azocine-9-carboxylate 
(42) 
To a solution of 41 (5.0 g, 15.5 mmol) in THF (77 mL) was added LHMDS (1.0 M solution in THF, 18.6 mL, 
18.6 mmol) dropwisely at −78 °C and the mixture was stirred for 1 h at the same temperature. Then, NCCO2Me 
was added (1.9 mL, 23.3 mmol) and the mixture was stirred for 2 h at the same temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl and the mixture was extracted with EtOAc. The combined 
organic layers were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the 
resulting residue was purified by column chromatography on silica gel eluted with EtOAc/n-hexane (1/3~1/1) to 
afford a colorless solid (5.74 g), which was dissolved in MeOH (140 mL). 
To the mixture was added 5% Pd-C (1.0 g) and the mixture was stirred for 5 h at room temperature under H2 
atmosphere. After filtration of the reaction mixture through a Celite® pad, the filtrate was concentrated under 
reduced pressure. The resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/2~1/1) to afford 42 (5.76 mg, 2 steps, 97%) as a colorless solid. 
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Spectral data of 42: mp. 95-96 °C (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3) δ: 
keto-enol mixture, 0.03 (s, 3H), 0.05 (s, 3H), 0.87 (s, 9H), 1.70-1.83 (m, 2H), 1.93 (t, J = 
8.8 Hz, 1.5H), 2.04 (dd, J = 3.9, 15.4 Hz, 1H), 2.22-2.54 (m, 5H), 2.66 (td, J = 3.2, 12.4 
Hz, 1H), 2.77 (td, J = 2.7, 13.9 Hz, 1H), 3.40 (d, J = 10.3 Hz, 0.5H), 3.51-3.58 (m, 2H), 
3.66-3.71 (m, 0.5H), 3.72 (s, 1.5H), 3.78 (s, 1.5H), 12.8 (brs, 0.5H); 13C NMR (150 MHz, 
CDCl3) δ: only keto form, -5.7 (2C), 18.0, 23.9, 25.6 (3C), 27.7, 29.4, 33.4, 36.6, 40.3, 52.7, 56.2, 64.4, 67.9, 
169.5, 176.0, 207.2; IR (neat) ν: 2954, 1734, 1683, 1457, 1254 cm-1; LRMS (FAB) m/z 384 [M+H]+; HRMS 
(FAB) calcd for C19H34NO5Si [M+H]+ 384.2206, found 384.2205. 
 
Methyl 10a-tert-butyldimethylsiloxymethyl-8-(2-iodophenylamino)-3-oxo-1,2,3,5,6,7,10,10a- 
octahydropyrrolo[1,2-a]azocine-9-carboxylate (43) 
To a solution of 42 (2.57 g, 6.7 mmol) in benzene (34 mL) in a flask fitted with Dean-Stark apparatus, were 
added 2-iodoaniline (2.9 g, 13.4 mmol) and TsOH (34 mg, 0.2 mmol) at room temperature. The mixture was 
heated for 56 h under reflux. After filtration of the reaction mixture through a Celite® pad, the filtrate was 
concentrated under reduced pressure. The resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (1/3~1/2) to afford 43 (3.0 g, 77%) as a colorless amorphous solid. 
Spectral data of 43: 1H NMR (400 MHz, DMSO-d6, 120 °C) δ: 0.02 (s, 3H), 0.05 
(s, 3H), 0.86 (s, 9H), 1.30-1.37 (m, 1H), 1.68-1.79 (m, 2H), 1.91-1.98 (m, 1H), 
2.02-2.19 (m, 2H), 2.27 (ddd, J =3.2, 8.0, 14.0 Hz, 1H), 2.37 (ddd, J = 3.2, 10.0, 
13.6 Hz, 1H), 2.60 (d, J = 15.6 Hz, 1H), 2.69 (d, J = 15.6 Hz, 1H), 2.79 (ddd, J = 
2.8, 12.0, 14.4 Hz, 1H), 3.50 (d, J = 10.8 Hz, 1H), 3.55 (ddd, J = 3.2, 3.2, 14.4 Hz 
1H), 3.64 (d, J = 10.8, 1H), 3.67 (s, 3H), 7.01 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.40 (d, J = 
1.2, 1.2, 7.6, Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H), 10.6 (brs, 1H); 13C NMR spectra could not be record for rotational 
isomerism.; IR (neat) ν: 3437, 2948, 2858, 1685, 1654, 1591, 1438, 1251, 1109 cm-1; LRMS (FAB) m/z 584 
[M]+; HRMS (FAB) calcd for C25H38IN2O4Si [M+H]+ 585.1646, found 585.1622 
 
Methyl (6aS*,8S*)-6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-8-carboxylate (44a) and 
Methyl (6aS*,8S*)-6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-8-carboxylate (44b) and 
Methyl 6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,9-hexahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-8-carboxylate (64) 
A suspension of compound 43 (200 mg, 0.342 mmol), Pd(PPh3)4 (12 mg, 0.01 mmol), Ag3PO4 (143 mg, 0.342 
mmol) and Celite® (171 mg) in DMF (3.4 mL) was heated for 8 h at 100 °C. After filtration of the reaction 
mixture through a Celite® pad, the filtrate was concentrated under reduced pressure. The residue was diluted with 
Et2O and the mixture washed with saturated aqueous NH4Cl and brine. The organic layer was dried over Na2SO4 
and concentrated under reduced pressure. The resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (1/2~1/1) to afford 44a (124 mg, 79%), 44b (9 mg, 6%) and 64 (9 mg, 
6%) as a colorless solid, respectively. 
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Spectral data of 44a: mp. 151-152 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: -0.03 (s, 3H), -0.01 (s, 3H), 0.84 (s, 9H), 1.96-2.14 (m, 3H), 2.23 (dd, J = 
8.8, 15.2 Hz, 1H), 2.39-2.50 (m, 2H), 2.80 (ddd, J = 2.8, 7.6, 13.6 Hz, 1H), 2.92 
(ddd, J = 3.2, 7.6, 15.6 Hz, 1H), 3.18 (ddd, J = 2.8, 8.0, 15.6 Hz, 1H), 3.34 (d, J = 
10.2 Hz, 1H), 3.42 (d, J = 10.2 Hz, 1H), 3.81 (s, 3H), 4.01 (dd, J = 2.8, 8.8 Hz, 1H), 
4.14 (ddd, J = 3.2, 8.0, 13.6 Hz, 1H), 7.09 (ddd, J = 1.2, 7.8, 7.8 Hz, 1H), 7.15 (ddd, 
J = 1.2, 7.8, 7.8 Hz, 1H), 7.31 (d, J = 7.8, Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H), 8.87 (brs, 1H); 13C NMR (150 MHz, 
CDCl3) δ: -5.6 (2C), 18.2, 23.2, 25.8 (3C), 27.5, 30.1, 38.8, 39.7, 41.8, 52.8, 66.7, 67.2, 110.8, 111.2, 117.9, 
119.5, 122.0, 128.2, 131.5, 134.9, 174.3, 176.5; IR (neat) ν: 2929, 2857, 1684, 1653, 1457, 1258 cm-1; LRMS 
(EI) m/z 456 [M]+; HRMS (FAB) calcd for C25H37N2O4Si [M+H]+ 457.2523, found 457.2504. 
Spectral data of 44b: mp. 157-158 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.11 (s, 6H), 0.92 (s, 9H), 1.59 (ddd, J = 4.8, 8.4, 13.2 Hz, 1H), 1.99-2.11 
(m, 2H), 2.18-2.22 (m, 2H), 2.29 (d, J = 14.0 Hz, 1H), 2.90 (ddd, J = 4.8, 4.8, 16.0 
Hz, 1H), 3.40 (ddd, J = 4.8, 10.0, 14.4 Hz, 1H) 3.53 (ddd, J = 5.6, 10.0, 16.0 Hz, 
1H), 3.69 (d, J = 10.0 Hz, 1H), 3.76 (d, J = 10.0 Hz, 1H), 3.81 (s, 3H), 4.18 (ddd, J = 
5.2, 5.2, 14.4 Hz, 1H), 4.39 (d, J = 8.8 Hz, 1H), 7.07 (ddd, J = 0.8, 7.6, 7.6 Hz, 1H), 
7.14 (ddd, J = 0.8, 7.6, 8.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 7.6 Hz, 1H), 8.88 (brs, 1H); 13C NMR 
(100 MHz, CDCl3) δ: -5.7, -5.6, 18.1, 22.9, 25.7 (3C), 29.0, 31.1, 38.4, 39.6, 41.5, 52.6, 64.5, 66.2, 109.0, 110.6, 
118.3, 119.4, 121.9, 128.8, 130.3, 134.9, 174.7, 175.8; IR (KBr) ν: 3404, 2929, 2856, 1729, 1672, 1436, 1252, 
1105 cm-1; LRMS (EI) m/z 456 [M]+; HRMS (FAB) calcd for C25H37N2O4Si [M+H]+ 457.2523, found 457.2535. 
Spectral data of 64: mp. 155-157 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.128 (s, 3H), 0.132 (s, 3H), 0.92 (s, 9H), 1.85-1.90 (m, 1H), 2.03-2.15 
(m, 3H), 2.81 (ddd, J = 5.2, 13.4, 13.4 Hz, 1H), 3.06 (dd, J = 5.2, 13.4 Hz, 1H), 
3.12 (dd, J = 4.8, 13.4 Hz, 1H), 3.79 (d, J = 10.4 Hz, 1H), 3.82 (s, 3H), 3.93 (d, J = 
10.4, 1H), 4.08 (ddd, J = 4.8, 13.4, 13.4 Hz, 1H), 6.78 (s, 1H), 7.09 (ddd, J = 1.2, 
8.0, 8.0 Hz, 1H), 7.17 (dd, J = 1.2, 8.0, 8.0 Hz, 1H), 7.31 (d, J = 8.0, Hz, 1H), 7.58 
(d, J = 8.0 Hz, 1H), 8.92 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ : -5.6 (2C), 18.2, 22.0, 25.7 (3C), 28.6, 30.8, 
37.8, 52.6, 67.6, 67.8, 111.1, 113.0, 118.4, 119.6, 122.6, 122.9, 126.5, 128.1, 136.4, 141.2, 167.8, 174.6; IR (neat) 
ν : 3245, 2932, 2857, 1722, 1669, 1416, 1243, 1113, 1079 cm-1; LRMS (EI) m/z 454 [M]+; HRMS (FAB) calcd 
for C25H35N2O4Si [M+H]+ 455.2366, found 455. 2325.
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Chapter 2. 
 
tert-Butyl (6aS*,8S*)-6a-tert-butyldimethylsiloxymethyl-8-Methoxycarbonyl-4-oxo-2,4,5,6,6a,7,8,9- 
octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (79a)  
To a solution of 44a (11 mg, 0.024 mmol) in CH2Cl2 (0.24 mL) were added Boc2O (10.4 mg, 0.048 mmol), 
Et3N (8 μL, 0.057 mmol) and DMAP (0.3 mg, 0.0024 mmol) at room temperature and the mixture was stirred for 
10 h at 40 °C. The reaction mixture was diluted with CH2Cl2 and the mixture was washed with saturated aqueous 
NaHCO3 and brine. The organic layer was dried over Na2SO4. After concentration under reduced pressure, the 
resulting residue was purified by flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/2) to 
afford 79a (13.4 mg, quant) as a colorless amorphous solid. 
Spectral data of 79a: 1H NMR (400 MHz, C6D6, 75 °C) δ: -0.09 (s, 6H), 0.85 (s, 9H), 
1.44 (s, 9H), 1.74-1.90 (m, 2H), 2.12-2.27 (m, 2H), 2.34 (dd, J = 9.6, 15.2 Hz, 1H), 
2.47 (dd, J = 4.0, 15.2 Hz, 1H), 2.70 (ddd, J = 4.8, 4.8, 13.6 Hz, 1H), 2.79 (ddd, J = 
4.8, 4.8, 15.2 Hz, 1H), 2.99 (ddd, J = 4.4, 9.6, 13.6 Hz, 1H), 3.15 (d, J = 10.0 Hz, 
1H), 3.22 (d, J = 10.0 Hz, 1H), 3.41 (s, 3H), 4.34 (ddd, J = 4.4, 9.6, 13.6 Hz, 1H), 
4.60-4.69 (m, 1H), 7.13-7.17 (m, 1H), 7.22 (dd, J = 7.2, 7.2 Hz, 1H), 7.35 (d, J = 7.2, Hz, 1H), 8.12 (d, J = 7.2 Hz, 
1H); 13C NMR (100 MHz, C6D6, 75 °C) δ: -5.6 (2C), 18.3, 23.8, 25.9, 26.0, 27.3, 28.0, 28.1 (3C), 29.9, 37.7, 40.1, 
41.5, 51.7, 66.4, 68.3, 83.9, 115.8, 118.2, 119.3, 122.9, 124.5, 130.1, 134.3, 136.3, 151.4, 172.6, 174.8; IR (neat) 
ν: 2931, 2856, 1725, 1686, 1456, 1322, 1249, 1139 cm-1; LRMS (EI) m/z 556 [M]+; HRMS (FAB) calcd for 
C30H45N2O6Si [M+H]+ 557.3047, found 557.3044. 
 
Methyl 6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,9-hexahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-8-carboxylate (64) and 
Methyl 6a-tert-butyldimethylsiloxymethyl-4-oxo-5,6,6a,9-tetrahydro-4H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-8-carboxylate (65) 
To a solution of 44a (21.8 mg, 0.048 mmol) in benzene (0.5 mL) was added DDQ (13.2 mg, 0.058 mmol) at 
room temperature and the mixture was stirred for 15 h at 60 °C . The reaction was quenched by addition of 
saturated aqueous NaHCO3 at 0 °C and the mixture was extracted with Et2O. The combined organic layers were 
washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was 
purified by flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/3~1/1) to afford 64 (13.5 
mg, 62%) as a colorless solid and 65 (13.5 mg, 62%) as a yellow amorphous solid. 
Spectral data of 65: 1H NMR (400 MHz, CDCl3) δ: 0.23 (s, 3H), 0.28 (s, 3H), 0.70 
(s, 9H), 1.98-2.09 (m, 1H), 2.45-2.61 (m, 3H), 3.77 (d, J = 10.0 Hz, 1H), 3.85 (s, 
3H), 4.14 (d, J = 10.0 Hz, 1H), 5.91 (d, J = 11.2 Hz, 1H), 7.00 (d, J = 11.2, 1H), 
7.13 (dd, J = 8.0, 8.0 Hz, 1H), 7.18 (s, 1H), 7.24 (dd, J = 8.0, 8.0 Hz, 1H), 7.35 (d, 
J = 8.0 Hz, 1H), 7.57 (d, J = 8.0, Hz, 1H), 9.20 (brs, 1H); 13C NMR (100 MHz, 
CDCl3) δ : -5.9, -5.7, 18.0, 25.6 (3C), 30.0, 33.2, 52.7, 65.4, 66.6, 102.5, 111.1, 113.8, 119.1, 120.3, 122.5, 123.8, 
127.1, 127.2, 130.0, 136.9, 147.1, 166.8, 174.7; IR (neat) ν : 3298, 2928, 2856, 1683, 1449, 1341, 1251, 1179 
cm-1; LRMS (EI) m/z 452 [M]+; HRMS (FAB) calcd for C25H32N2O4Si [M]+ 452.2131, found 452. 2138. 
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Methyl 6a-hydroxymethyl-4-oxo-2,4,5,6,6a,9-hexahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-8- 
carboxylate (75) 
To a solution of 64 (104 mg, 0.229 mmol) in CH3CN (2.2 mL) was added aq.HF (0.2 mL) at room temperature 
and the mixture was stirred for 37.5 h at the same temperature. The reaction was quenched by addition of 1N 
NaOH at 0 °C and the mixture was extracted with EtOAc. The combined organic layers were washed with brine 
and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash 
column chromatography on silica gel eluted with EtOAc/MeOH (20/1) to afford 75 (72 mg, 92%) as a colorless 
amorphous solid. 
Spectral data of 75: 1H NMR (600 MHz, CD3OD, 60 °C) δ: 1.89 (ddd, J = 2.2, 7.6, 
12.0 Hz, 1H), 2.02-2.11 (m, 2H), 2.17 (ddd, J = 9.6, 10.8, 12.0 Hz, 1H), 2.78 (ddd, J 
= 5.8, 13.2, 14.0 Hz, 1H), 3.11 (ddd, J = 1.4, 5.0, 14.0 Hz, 1H), 3.15 (ddd, J = 1.4, 5.8, 
13.2 Hz, 1H), 3.74 (d, J = 11.8 Hz, 1H), 3.78 (s, 3H), 3.92 (d, J = 11.8 Hz, 1H), 3.96 
(ddd, J = 5.0, 13.2, 13.2 Hz, 1H), 6.86 (s, 1H), 6.99 (ddd, J = 0.8, 7.2, 8.0, 1H), 7.08 
(ddd, J = 0.8, 7.2, 8.2 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H); 13C NMR (150 MHz, CD3OD, 
60 °C) δ : 22.8, 29.6, 31.0, 39.1, 52.9, 66.3, 69.8, 112.0, 113.0, 119.2, 119.9, 123.2, 125.0, 127.9, 130.0, 138.4, 
142.7, 169.1, 177.4; IR (neat) ν : 3187, 2926, 2858, 1715, 1662, 1435, 1250, 1049 cm-1; LRMS (EI) m/z 340 
[M]+; HRMS (FAB) calcd for C19H21N2O4 [M+H]+ 341.1501, found 341. 1526. 
 
(6aS*,8R*)-6a-tert-Butyldimethylsiloxymethyl-8-hydroxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (78a) 
To a solution of 44a (27 mg, 0.059 mmol) in THF (1.2 mL) was added LiBH4 (2.9 mg, 0.12 mmol) at 0 °C and 
the mixture was stirred for 1 h at room temperature. The reaction was quenched by addition of saturated aqueous 
NH4Cl at 0 °C and the mixture was extracted with EtOAc. The combined organic layers were washed with brine 
and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash 
column chromatography on silica gel eluted with EtOAc/n-hexane (3/1~5/1) to afford 78a (25.3 mg, quant) as a 
colorless solid. 
Spectral data of 78a: mp. 199-200 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.01 (s, 3H), 0.02 (s, 3H), 0.86 (s, 9H), 1.72 (dd, J = 2.4, 14.8 Hz, 1H), 
1.83 (ddd, J = 7.6, 10.4, 13.2 Hz, 1H), 2.06 (ddd, J = 5.2, 10.4, 13.2 Hz, 1H), 2.17 
(ddd, J = 9.6, 14.8 Hz, 1H), 2.29-2.46 (m, 3H), 2.87-3.00 (m, 2H), 3.13-3.20 (m, 
2H), 3.40 (d, J = 10.0 Hz, 1H), 3.52 (d, J = 10.0, 1H), 3.81-3.87 (m, 1H), 3.95-4.00 
(m, 1H), 4.11 (ddd, J = 4.0, 9.2 13.6 Hz, 1H), 7.06 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 
7.11 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.25 (d, J = 7.6, Hz, 1H), 7.49 (d, J = 7.6 Hz, 1H), 8.87 (brs, 1H); 13C NMR 
(100 MHz, CDCl3) δ: -5.67, -5.65, 18.0, 22.7, 25.7 (3C), 27.3, 30.2, 35.5, 37.3, 41.2, 67.0, 67.5, 67.6, 109.3, 
110.5, 117.4, 119.1, 121.2, 128.2, 134.8, 137.0, 176.5; IR (neat) ν: 3368, 2929, 2857, 1653, 1463, 1253, 1110 
cm-1; LRMS (EI) m/z 428 [M]+; HRMS (FAB) calcd for C24H37N2O3Si [M+H]+ 429.2573, found 429.2554. 
 
6a-tert-Butyldimethylsiloxymethyl-8-methylene-4-oxo-1,2,4,5,6,6a,7,9- 
octahydropyrrolo[1’,2’:1,8]azocino[5,4-b]indole (77) 
To a solution of 78a (530 mg, 1.236 mmol) and PPh3 (813 mg, 3.1 mmol) in THF (12 mL) were successively 
added imidazole (422 mg, 6.2 mmol) and iodine (460 mg, 3.7 mmol) at 0 °C. After stirring for 1 h at room 
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temperature, the reaction was quenched by addition of saturated aqueous Na2S2O 4 and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine, dried over Na2SO4 and concentrated under 
reduced pressure to give 86. 
To a solution of 86 in toluene (12 mL) was added DBU (0.55 mL, 3.7 mmol) at 0 °C and the mixture was 
stirred for 4.5 h at room temperature. The reaction was quenched by addition of saturated aqueous NH 4Cl at 0 °C 
and the mixture was extracted with EtOAc. The combined organic layers were washed with brine and dried over 
Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash column 
chromatography on silica gel eluted with EtOAc/n-hexane (1/1) to afford 77 (495 mg, 2 steps, 98%) as a colorless 
solid. 
Spectral data of 77: mp. 254-255 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.11 (s, 6H), 0.92 (s, 9H), 1.88 (ddd, J = 8.8, 8.8, 12.8 Hz, 1H), 2.04 (ddd, 
J = 6.8, 8.8, 12.8 Hz, 1H), 2.24-2.28 (m, 3H), 3.14-3.34 (m, 3H), 3.45 (d, J = 14.4 
Hz, 1H), 3.66 (d, J = 10.8, 1H), 3.78 (d, J = 10.8, 1H), 4.13 (ddd, J = 6.0, 13.2, 13.2 
Hz, 1H), 5.03 (s, 1H), 5.38 (s, 1H), 7.05 (ddd, J = 0.8, 8.0, 8.0 Hz, 1H), 7.15 (ddd, J 
= 0.8, 8.0, 8.0 Hz, 1H), 7.23 (d, J = 8.0, Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 8.16 (brs, 1H); 13C NMR (100 MHz, 
CDCl3) δ: -5.61, -5.58, 18.1, 22.7, 25.8 (3C), 26.3, 30.1, 39.3, 41.5, 66.5, 68.5, 110.3, 111.4, 111.9, 118.4, 119.4, 
123.2, 128.9, 133.5, 135.8, 135.8, 175.8; IR (neat) ν: 3220, 2928, 2857, 1661, 1448, 1251, 1108 cm-1; LRMS (EI) 
m/z 410 [M]+; HRMS (FAB) calcd for C24H35N2O2Si [M+H]+ 411.2468, found 411.2501.  
 
(6aS*,8S*)-6a-tert-Butyldimethylsiloxymethyl-8-hydroxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (78b) 
To a solution of 77 (320 mg, 0.78 mmol) in THF (7.8 mL) was added BH3-THF complex (1.09 M solution in 
THF, 1.07 mL, 1.17 mmol) at 0 °C and the mixture was stirred for 5 h at room temperature. To the reaction 
mixture were successively added water and Na2CO3･1.5 H2O2 (551 mg, 3.51 mmol) at 0 °C. After stirring for 5 h 
at 50 °C, the reaction was quenched by addition of saturated aqueous NH 4Cl at 0 °C and the mixture was 
extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (1/1~2/1) to afford 78b (323 mg, 97%) as a colorless solid. 
Spectral data of 78b: mp. 177-179 °C (MeOH/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.10 (s, 6H), 0.91 (s, 9H), 1.60 (ddd, J = 7.6, 7.6, 12.8 Hz, 1H), 1.92 (dd, 
J = 8.8, 14.4 Hz, 1H), 2.02-2.14 (m, 2H), 2.25 (dd, J = 8.0, 8.0 Hz, 1H), 2.34-2.38 
(m, 1H), 2.94 (ddd, J = 4.0, 5.6, 15.6 Hz, 1H), 3.34-3.50 (m, 3H), 3.61 (d, J = 10.4 
Hz, 1H), 3.75 (d, J = 10.4, 1H), 4.00 (ddd, J = 5.2, 5.2, 10.0 Hz, 1H), 4.11-4.20 (m, 
2H), 7.05 (ddd, J = 0.8, 7.6, 7.6 Hz, 1H), 7.11 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.26 
(d, J = 7.6, Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 8.96 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.55, -5.53, 18.1, 
23.3, 25.8 (3C), 29.3, 31.1, 34.1, 39.6, 40.8, 65.0, 65.7, 66.6, 108.1, 110.5, 117.8, 119.0, 121.3, 128.8, 134.9, 
136.6, 176.4; IR (neat) ν: 3353, 2930, 2857, 1659, 1462, 1252, 1106 cm-1; LRMS (EI) m/z 428 [M]+; HRMS 
(FAB) calcd for C24H37N2O3Si [M+H]+ 429.2573, found 429.2563. 
 
(6aS*,8S*)-6a-tert-Butyldimethylsiloxymethyl-8-(4-bromobenzoyloxymethyl)-4-oxo-2,4,5,6,6a,7,8,9- 
octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (87) 
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To a solution of 4-bromobenzoyl chloride (40 mg, 0.18 mmol) in CH2Cl2 (0.7 mL) were successively added 
Et3N (50 mL, 0.36 mmol) and 78b (30 mg, 0.07 mmol) in CH2Cl2 (0.7 mL) at 0 °C. After stirring for 30 h at 
room temperature, the reaction was quenched by addition of water and the mixture was extracted with CH2Cl2. 
The combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/2~1/0) to afford 87 (30 mg, 70%) as a colorless solid. Furthermore, recrystallization 
(EtOAc/n-hexane) of 87 gave a colorless crystal. 
Spectral data of 87: mp. > 300 °C (EtOAc/n-hexane); 1H NMR (600 MHz, CDCl3) 
δ: 0.078 (s, 3H), 0.081 (s, 3H), 0.90 (s, 9H), 1.62 (td, J = 7.8, 13.2 Hz, 1H), 1.95 
(dd, J = 9.0, 14.4 Hz, 1H), 2.08 (d, J = 14.4 Hz, 1H), 2.13 (td, J = 7.8, 13.2 Hz, 
1H), 2.26 (dd, J = 7.8, 7.8 Hz, 2H), 2.99 (ddd, J = 3.6, 5.4, 15.6 Hz, 1H), 3.34 (ddd, 
J = 3.6, 10.8, 14.4 Hz, 1H), 3,42 (ddd, J = 5.4, 10.8, 15.6 Hz, 1H), 3.62 (d, J = 10.2 
Hz, 1H), 3.77 (d, J = 10.2 Hz, 1H), 3.87-3.90 (m, 1H), 4.26 (ddd, J = 5.4, 5.4, 14.4 
Hz, 1H), 4,56 (dd, J = 6.0, 10.8 Hz, 1H), 4,82 (dd, J = 6.6, 10.8 Hz, 1H), 7.07 (dd, 
J = 7.8, 7.8 Hz, 1H), 7.13 (dd, J = 7.8, 7.8 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 7.47 
(d, J = 7.8 Hz, 1H), 7.58 (d, J = 9.0 Hz, 2H), 7.86 (d, J = 9.0 Hz, 2H), 8.11 (brs, 
1H); 13C NMR (150 MHz, CDCl3) δ: -5.56, -5.55, 18.1, 23.6, 25.7 (3C), 29.2, 31.4, 32.9, 39.6, 41.2, 64.6, 65.8, 
67.2, 110.0, 110.4, 118.2, 119.6, 121.9, 128.5, 128.7, 129.2, 131.1 (2C), 132.0 (2C), 133.9, 135.3, 165.8, 175.7; 
IR (neat) ν: 3226, 2952, 2857, 1721, 1649, 1461, 1264, 1168, 1101, 1010 cm-1; LRMS (EI) m/z 610 [M (79Br)]+, 
612 [M (81Br)]+; HRMS (FAB) calcd for C31H4079BrN2O4Si [M+H]+ 611.1941, found 611.1926. 
 
(6S*,11aS*)-6-tert-Butyldimethylsiloxymethyl-11a-methoxycarbonyl-7,8,9,10,11,11a-hexahydro-6H- 
cycloocta[b]indole (93a)  
To a solution of 92 (310 mg, 0.9 mmol) in Et2O (1.0 mL) was added MeMgI (3.0 M solution in Et2O, 0.36 mL, 
1.08 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, NCCO2Me 
(0.86 mL, 10.8 mmol) was added and the mixture was stirred for 22 h at the same temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with EtOAc. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/40) to afford 93a (330 mg, 91%) as an orange oil. 
Spectral data of 93a: 1H NMR (400 MHz, CDCl3) δ: 0.076 (s, 3H), 0.088 (s, 3H), 0.92 
(s, 9H), 0.95-0.98 (m, 1H), 1.01-1.15 (m, 1H), 1.35-1.45 (m, 3H), 1.60 (ddd, J = 2.9, 
11.2, 13.3 Hz, 1H), 1.60-1.75 (m, 1H), 2.35-2.39 (m, 1H), 2.42 (ddd, J = 3.4, 5.1, 14.6 
Hz, 1H), 2.73 (ddd, J = 3.2, 12.4, 14.8 Hz, 1H), 2.97 (m, 1H), 3.58 (s, 3H), 3.95 (d, J = 
7.1 Hz, 2H), 7.22 (td, J = 1.0, 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.38 (td, J = 1.0, 7.6 
Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.2, -5.1, 18.5, 22.9, 23.4, 24.9, 26.1 (3C), 
28.5, 35.5, 44.7, 52.9, 66.2, 68.5, 120.5, 122.7, 125.8, 129.0, 136.8, 155.9, 170.9, 188.3; IR (neat) ν: 2930, 2856, 
1735, 1459, 1225, 1096 cm-1; LRMS (FAB) m/z 402 [M+H]+; HRMS (FAB) calcd for C23H36NO3Si [M+H]+ 
402.2464, found 402.2437. 
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(6S*,11aS*)-11a-Allyl-6-tert-butyldimethylsiloxymethyl-7,8,9,10,11,11a-hexahydro-6H- 
cycloocta[b]indole (93b)  
To a solution of 92 (480 mg, 1.4 mmol) in Et2O (5.0 mL) was added MeMgI (3.0 M solution in Et2O, 0.61 mL, 
1.82 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, allyl bromide 
(1.8 mL, 21.0 mmol) was added and the mixture was stirred for 18 h at the same temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with EtOAc. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/30) to afford 93b (480 mg, 89%) as a colorless oil. 
Spectral data of 93b: 1H NMR (400 MHz, CDCl3) δ: 0.04 (s, 3H), 0.07 (s, 3H), 
0.79-0.82 (m, 1H), 0.89 (s, 9H), 0.98-1.06 (m, 1H), 1.23-1.39 (m, 3H), 1.59 (ddd, J = 
3.4, 11.7, 24.6 Hz, 1H), 1.65-1.75 (m, 1H), 2.09 (dt, J = 4.2, 14.9 Hz, 1H), 2.23-2.32 (m, 
3H), 2.51 (dd, J = 7.3, 13.7 Hz, 1H), 2.88-2.95 (m, 1H), 3.87 (t, J = 9.8 Hz, 1H), 3.98 
(dd, J = 5.6, 9.8 Hz, 1H), 4.87-4.93 (m, 2H), 5.30 (ddt, J = 7.1, 10.0, 17.2 Hz, 1H), 
7.17-7.23 (m, 2H), 7.32 (td, J = 2.2, 6.8 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.33, 
-5.26, 18.4, 23.7 (3C), 24.2, 24.6, 26.0, 29.9, 35.8, 42.1, 43.2, 61.6, 66.0, 118.0, 120.2, 122.3, 124.7, 127.6, 132.9, 
140.9, 155.0 194.2; IR (neat) ν: 2929, 2856, 1459, 1099 cm-1; LRMS (EI) m/z 383 [M]+; HRMS (FAB) calcd for 
C24H38NOSi [M+H]+ 384.2723, found 384.2706. 
 
(6aS*,8R*)-6a,8-Bis-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (95a) 
To a solution of 78a (18.4 mg, 0.043 mmol) in DMF (0.6 mL) were added imidazole (7 mg, 0.097 mmol) and 
TBSCl (13 mg, 0.086 mmol) at 0 °C. After stirring for 1.5 h at room temperature, the reaction mixture was 
diluted with Et2O and the mixture was washed with saturated aqueous NH 4Cl. The organic layer was washed 
with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified 
by flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/5~1/2) to afford 95a (22.8 mg, 
98%) as a colorless solid. 
Spectral data of 95a: mp. 160-161 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.00 (s, 3H), 0.01 (s, 3H), 0.11 (s, 3H), 0.14 (s, 3H), 0.86 (s, 9H), 0.98 (s, 
9H),1.76 (dd, J = 2.0, 10.0 Hz, 1H), 1.84 (ddd, J = 2.0, 10.0, 13.2 Hz, 1H), 2.05-2.11 
(m, 2H), 2.33-2.49 (m, 2H), 2.86 (ddd, J = 3.2, 6.4, 13.6 Hz, 1H), 2.95 (ddd, J = 3.2, 
6.4, 15.6 Hz, 1H), 3.10-3.19 (m, 2H), 3.38 (d, J = 10.2 Hz, 1H), 3.49 (d, J = 10.2 Hz, 
1H), 3.85 (dd, J = 6.0, 9.6 Hz, 1H), 4.00 (dd, J = 4.0, 9.6 Hz, 1H), 4,11 (ddd, J = 3.2, 
9.6, 13.2 Hz, 1H), 7.06 (ddd, J = 0.8, 7.2, 7.2 Hz, 1H), 7.10 (ddd, J = 0.8, 7.2, 7.2 Hz, 1H), 7.23 (dd, J = 0.8, 7.2 
Hz, 1H), 7.48 (dd, J = 0.8, 7.2 Hz, 1H), 8.99 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.7, -5.6, -5.56, -5.51, 
18.0, 18.1, 22.7, 25.7 (3C), 25.8 (3C), 27.4, 30.1, 35.1, 37.8, 41.5, 66.8, 67.5, 68.0, 109.1, 110.3, 117.4, 118.9, 
121.0, 128.0, 134.5, 137.7 176.3; IR (neat) ν: 3255, 2926, 2857, 1655, 1419, 1253, 1117, 1060 cm-1; LRMS (EI) 
m/z 542 [M]+; HRMS (FAB) calcd for C30H51N2O3Si2 [M+H]+ 543.3438, found 543.3444. 
 
(6aS*,8S*)-6a,8-Bis-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (95b) 
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To a solution of 78b (70 mg, 0.163 mmol) in DMF (0.8 mL) were added imidazole (29 mg, 0.42 mmol) and 
TBSCl (50 mg, 0.33 mmol) at 0 °C. After stirring for 6 h at room temperature, the reaction mixture was diluted 
with Et2O and the mixture was washed with saturated aqueous NH 4Cl. The organic layer was washed with brine 
and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash 
column chromatography on silica gel eluted with EtOAc/n-hexane (1/3) to afford 95b (84.3 mg, 95%) as a 
colorless solid. 
Spectral data of 95b: mp. 196-197 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.10 (s, 6H), 0.16 (s, 3H), 0.18 (s, 3H), 0.91 (s, 9H), 0.99 (s, 9H), 
1.55-1.62 (m, 1H), 1.89 (dd, J = 9.6, 14.8 Hz, 1H), 2.01 (d, J = 14.8 Hz, 1H), 2.12 
(td, J = 8.4, 12.8 Hz, 1H), 2.25 (t, J = 8.4 Hz, 2H), 2.92 (ddd, J = 4.0, 4.0, 16.0 Hz, 
1H), 3.34-3.52 (m, 3H), 3.61 (d, J = 10.2 Hz, 1H), 3.73 (d, J = 10.2 Hz, 1H), 3.94 
(dd, J = 4.8, 9.6 Hz, 1H), 4.12-4.18 (m, 2H), 7.05 (dd, J = 7.6, 7.6 Hz, 1H), 7.11 
(ddd, J = 7.6, 7.6 Hz, 1H), 7.22 (dd, J = 7.6 Hz, 1H), 7.47 (dd, J = 7.6 Hz, 1H), 9.06 (brs, 1H); 13C NMR (100 
MHz, CDCl3) δ: -5.6 (2C) -5.5 (2C), 18.0, 18.1, 23.5, 25.7 (3C), 25.8 (3C), 29.3, 31.2, 34.0, 39.3, 41.2, 64.6, 65.6, 
67.5, 107.9, 110.2, 117.9, 118.9, 121.2, 128.8, 134.7, 136.8, 175.9; IR (neat) ν: 3229, 2927, 2857, 1660, 1460, 
1246, 1105, 1082 cm-1; LRMS (EI) m/z 542 [M]+; HRMS (FAB) calcd for C30H51N2O3Si2 [M+H]+ 543.3438, 
found 543.3395. 
 
Methyl (6aS*,8R*,13bR*)-6a,8-bis-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,13b-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-13b-carboxylate (96a) 
To a solution of 95a (20.0 mg, 0.037 mmol) in Et2O (0.7 mL) was added MeMgI (3.0 M solution in Et2O, 15 
μL, 0.044 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, 
NCCO2Me (0.1 mL, 1.3 mmol) was added and the mixture was stirred for 100 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with 
EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration under 
reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted with 
EtOAc/n-hexane (1/3~1/2) to afford 96a (12.8 mg, 58%) as a colorless gum. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of 96a: 1H NMR (400 MHz, CDCl3) δ : -0.07 (s, 3H), -0.01 (s, 3H), 
0.10 (s, 3H), 0.11 (s, 3H), 0.81 (s, 9H), 0.93 (s, 9H), 1.91-1.99 (m, 2H), 2.12 (ddd, J 
= 9.6, 9.6, 13.2 Hz, 1H), 2.21 (d, J = 14.8 Hz, 1H), 2.29-2.46 (m, 4H), 2.79 (ddd, J = 
3.6, 5.6, 15.2 Hz, 1H), 3.02 (ddd, J = 4.0, 8.4, 11.6 Hz, 1H), 3.40 (d, J = 10.0 Hz, 
1H), 3.48 (d, J = 10.0 Hz, 1H), 3.72 (s, 3H), 3.89 (dd, J = 10.0, 10.0 Hz, 1H), 
4.01-4.09 (m, 2H), 7.25 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.36 (ddd, J = 1.2, 7.6, 7.6 
Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: -5.7, -5.6, -5.3, -5.2, 
17.9, 18.2, 25.6 (3C), 25.9 (3C), 27.5, 30.1, 34.8, 36.3, 38.3, 39.9, 52.9, 64.2, 67.0, 67.2, 67.5, 120.2, 122.9, 126.3, 
129.0, 138.9, 154.0, 169.5, 177.0, 185.9; IR (neat) ν: 2952, 2929, 2856, 1733, 1693, 1565, 1460, 1401, 1250, 
1078 cm-1; LRMS (EI) m/z 600 [M]+; HRMS (FAB) calcd for C32H53N2O5Si2 [M+H]+ 601.3493, found 
601.3475. 
 
 
N
N
H
O
OTBS
OTBS
95b
N
N
O
OTBS
OTBS
CO2Me
96a
第二章に関する実験 
 47
(6aS*,8R*,13R*)-13b-Allyl-6a,8-bis-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,13b-octahydro- 
1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (97a) 
To a solution of 95a (30.0 mg, 0.055 mmol) in Et2O (1.0 mL) was added MeMgI (3.0 M solution in Et2O, 22 
μL, 0.066 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, allyl 
bromide (0.17 mL, 2.0 mmol) was added and the mixture was stirred for 100 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with 
EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration under 
reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted with 
EtOAc/n-hexane (1/5~1/2) to afford 97a (3.5 mg, 11%) as a colorless gum. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of 97a: 1H NMR (600 MHz, CDCl3) δ: -0.10 (s, 3H), -0.05 (s, 3H), 
0.06 (s, 3H), 0.08 (s, 3H), 0.78 (s, 9H), 0.91 (s, 9H), 1.94-2.05 (m, 4H), 2.18 (d, J 
= 14.4 Hz, 1H), 2.30-2.48 (m, 5H), 2.64 (dd, J = 6.6, 13.8 Hz, 1H), 2.86 (ddd, J = 
6.0, 9.0, 9.0 Hz, 1H), 3.32 (d, J = 10.2 Hz, 1H), 3.40 (d, J = 10.2 Hz, 1H), 3.62 
(ddd, J = 2.4, 7.2, 14.4 Hz, 1H), 3.82 (dd, J = 9.6, 9.6 Hz, 1H), 3.87 (dd, J = 4.8, 
9.6 Hz, 1H), 4.88 (d, J = 10.2 Hz, 1H), 4.94 (d, J = 16.8 Hz, 1H), 5.15-5.21 (m, 
1H), 7.22-7.26 (m, 2H), 7.33 (ddd, J = 1.8, 7.8, 7.8 Hz, 1H), 7.55 (d, J = 7.8 Hz, 
1H); 13C NMR (150 MHz, CDCl3) δ: -5.8, -5.7, -5.4, -5.3, 17.9, 18.2, 25.6 (3C), 25.9 (3C), 28.9, 30.1, 35.5, 37.1, 
38.7, 39.1, 40.4, 62.2, 64.6, 67.1, 67.5, 118.5, 120.0, 122.2, 125.6, 127.9, 132.2, 142.7, 154.2, 176.8, 191.6; IR 
(neat) ν: 2925, 2855, 1687, 1560, 1461, 1402, 1255, 1100 cm-1; LRMS (EI) m/z 582[M]+; HRMS (FAB) calcd for 
C33H55N2O3Si2 [M+H]+ 583.3751, found 583.3801. 
 
Methyl (6aS*,8S*,13bS*)-6a,8-bis-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,13b-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-13b-carboxylate (96b) 
To a solution of 95b (62 mg, 0.114 mmol) in toluene (1.1 mL) was added MeMgI (3.0 M solution in Et2O, 46 
μL, 0.137 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, 
NCCO2Me (0.11 mL, 1.37 mmol) was added and the mixture was stirred for 1 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous Rochelle’s salt at 0 °C and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration 
under reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted 
with EtOAc/n-hexane (1/2~1/1) to afford 96b (68.5 mg, quant) as a colorless gum. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of 96b: 1H NMR (400 MHz, CDCl3) δ: 0.067 (s, 6H), 0.071 (s, 3H), 
0.09 (s, 3H), 0.87 (s, 9H), 0.92 (s, 9H), 1.70 (ddd, J = 4.0, 10.0, 12.4 Hz, 1H), 
1.97-2.24 (m, 4H), 2.31-2.39 (m, 2H), 3.02-3.08 (m, 2H), 3.11 (dd, J = 8.0, 15.2 Hz, 
1H), 3.37 (d, J = 10.8 Hz, 1H), 3.65 (s, 3H), 3.82-3.90 (m, 4H), 7.20 (dd, J = 7.6, 7.6 
Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.35 (dd, J = 7.6, 7.6 Hz, 1H), 7.53 (d, J = 7.6 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ: -5.7, -5.6, -5.29, -5.32, 18.1, 18.2, 25.7 (3C), 
25.9 (3C), 29.2, 29.8, 35.7, 37.3, 40.6, 40.8, 53.0, 65.1, 65.5, 65.7, 66.9, 120.5, 121.8, 126.1, 129.0, 138.8, 154.7, 
170.8, 176.3, 185.0; IR (neat) ν: 2953, 2927, 2856, 1732, 1691, 1563, 1458, 1399, 1249, 1087 cm-1; LRMS (EI) 
m/z 600 [M]+; HRMS (FAB) calcd for C32H53N2O5Si2 [M+H]+ 601.3493, found 601.3496. 
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(6aS*,8S*,13bS*)-13b-Allyl-6a,8-bis-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,13b-octahydro- 
1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (97b) 
To a solution of 95b (21.0 mg, 0.0387 mmol) in toluene (1.0 mL) was added MeMgI (3.0 M solution in Et2O, 
40 μL, 0.116 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, allyl 
bromide (0.04 mL, 0.464 mmol) was added and the mixture was stirred for 1 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous Rochelle’s salt at 0 °C and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration 
under reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted 
with EtOAc/n-hexane (2/3) to afford 97b (22.5 mg, quant) as a colorless gum. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of 97b: 1H NMR (600 MHz, CDCl3) δ: 0.06 (s, 3H), 0.071 (s, 3H), 
0.072 (s, 3H), 0.09 (s, 3H), 0.87 (s, 9H), 0.92 (s, 9H), 1.80 (ddd, J = 4.2, 10.2, 12.6 
Hz, 1H), 1.94 (ddd, J = 5.2, 10.8, 12.6 Hz, 1H), 2.02 (ddd, J = 3.6, 3.6, 15.0 Hz, 
1H), 2.15 (ddd, J = 4.8, 10.8, 16.8 Hz, 1H), 2.21 (dd, J = 6.6, 15.0 Hz, 1H), 
2.30-2.36 (m, 2H), 2.44 (dd, J = 7.2, 13.8 Hz, 1H), 2.53 (ddd, J = 3.6, 10.8, 15.0 Hz, 
1H), 2.63 (dd, J = 7.2, 13.8 Hz, 1H), 2.90 (ddd, J = 4.2, 4.2, 15.0 Hz, 1H), 
3.04-3.08 (m, 1H), 3.44 (d, J = 10.2 Hz, 1H), 3.74 (ddd, J = 3.6, 10.8, 15.0 Hz, 1H), 
3.80 (dd, J = 10.2 Hz, 1H),3.91-3.97 (m, 2H), 4.92 (d, J = 10.2 Hz, 1H), 4.98 (d, J = 16.2 Hz, 1H), 5.21 (dddd, J 
= 7.2, 7.2, 10.2, 16.2 Hz, 1H), 7.18-7.21 (m, 2H), 7.30 (ddd, J = 2.4, 7.6, 8.4 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H); 
13C NMR (150 MHz, CDCl3) δ: -5.7, -5.6, -5.32, -5.28, 18.0, 18.2, 25.7 (3C), 25.9 (3C), 28.9, 29.1, 35.9, 35.9, 
38.2, 39.4, 40.7, 59.8, 64.5, 65.9, 66.7, 118.4, 120.1, 122.2, 125.2, 128.0, 132.4, 141.3, 154.5, 175.9, 189.7; IR 
(neat) ν: 2952, 2856, 1680, 1555, 1460, 1405, 1251, 1110 cm-1; LRMS (EI) m/z 582 [M]+; HRMS (FAB) calcd 
for C33H55N2O3Si2 [M+H]+ 583.3751, found 583.3748. 
 
6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-tetrahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (99) 
To a solution of 44a (22 mg, 0.048 mmol) in THF/MeOH/water (1/1.7/1, 0.26 mL) was added LiOH･H2O (5 
mg, 0.12 mmol) at room temperature. After stirring for 5 h at the same temperature, the reaction was quenched by 
addition of saturated aqueous NH 4Cl. The mixture was concentrated under reduced pressure and the residue was 
extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue was dissolved in THF. 
The solution was heated for 8 h under reflux. After concentration under reduced pressure, the resulting residue 
was purified by filtration through a silica gel pad eluted with EtOAc to afford 99 (13.8 mg, 2 steps, 72%) as a 
colorless solid. 
Spectral data of 99: mp. 157-158 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.04 (s, 3H), 0.05 (s, 3H), 0.88 (s, 9H), 1.81-1.89 (m, 2H), 2.03-2.10 (m, 
2H), 2.33-2.50 (m, 2H), 2.86 (t, J = 5.6 Hz, 2H), 2.93 (ddd, J = 3.6, 6.8, 13.6 Hz, 
1H), 3.03 (ddd, J = 3.6, 6.8, 15.8 Hz, 1H) 3.12 (ddd, J = 3.6, 8.8, 15.8 Hz, 1H), 3.45 
(d, J = 10.0 Hz, 1H), 3.60 (d, J = 10.0 Hz, 1H), 4.09 (ddd, J = 3.6, 8.8, 12.8 Hz, 1H), 
7.06 (ddd, J = 1.6, 6.8, 6.8 Hz, 1H), 7.09 (ddd, J = 1.6, 6.8, 6.8 Hz, 1H), 7.22 (dd, J = 1.6, 6.8 Hz, 1H), 7.49 (dd, J 
= 1.6, 6.8 Hz, 1H), 7.83 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.61, -5.60, 18.1, 22.0, 22.6, 25.8 (3C), 27.5, 
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30.3, 34.1, 41.0, 67.0, 67.7, 109.3, 110.1, 117.5, 119.2, 121.2, 129.3, 134.5, 135.2, 176.6; IR (neat) ν: 3178, 2928, 
2856, 1658, 1460, 1248, 1105 cm-1; LRMS (EI) m/z 398 [M]+; HRMS (EI) calcd for C23H34N2O2Si [M]+ 
398.2389, found 398.2384. 
 
13b-Allyl-6a -tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,13b-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (100a and 100b) 
To a solution of 99 (13 mg, 0.033 mmol) in toluene (0.35 mL) was added MeMgI (3.0 M solution in Et2O, 13 
μL, 0.04 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, allyl 
bromide (0.03 mL, 0.33 mmol) was added and the mixture was stirred for 2 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous Rochelle’s salt at 0 °C and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration 
under reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted 
with EtOAc/n-hexane (2/1-1/0) to afford less polar product 100a (3.5 mg, 24%) and more polar product 100b 
(6.1 mg, 42%) as a colorless oil, respectively. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of less polar product 100a: 1H NMR (400 MHz, CDCl3) δ: -0.09 (s, 
3H), -0.02 (s, 3H), 0.80 (s, 9H), 1.76 (ddd, J = 8.8, 8.8, 12.8 Hz, 1H), 1.94 (ddd, J 
= 2.4, 6.8, 14.8 Hz, 1H), 2.02-2.19 (m, 3H), 2.24-2.46 (m, 5H), 2.57-2.66 (m, 2H), 
2.85 (ddd, J = 3.2, 9.6, 14.4 Hz, 1H), 3.42 (d, J = 10.8 Hz, 1H), 3.56 (d, J = 10.8 
Hz, 1H), 3.78 (ddd, J = 2.4, 8.0, 14.4 Hz, 1H), 4.83 (dd, J = 1.6, 10.0 Hz, 1H), 
4.92 (dd, J = 1.6, 16.8 Hz, 1H), 5.10 (dddd, J = 6.4, 7.6, 10.0, 16.8 Hz, 1H), 
7.23-7.26 (m, 2H), 7.33 (ddd, J = 2.8, 5.6, 8.8 Hz, 1H), 7.52 (d, J = 7.2 Hz, 1H); LRMS (EI) m/z 438 [M]+. 
Spectral data of more polar product 100b: 1H NMR (400 MHz, CDCl3) δ: 0.05 (s, 6H), 0.87 (s, 9H), 1.67-1.84 (m, 
2H), 1.96 (ddd, J = 5.6, 11.2, 13.2 Hz, 1H), 2.16-2.36 (m, 3H), 2.46 (ddd, J = 6.4, 10.8, 17.2 Hz, 1H), 2.63 (dd, J 
= 6.4, 13.6 Hz, 1H), 2.69-2.89 (m, 4H), 3.11 (ddd, J = 4.8, 14.4, 15.6 Hz, 1H), 3.50 (d, J = 9.6 Hz, 1H), 3.55-3.66 
(m, 2H), 4.91 (dd, J = 1.2, 10.0 Hz, 1H), 4.97 (dd, J = 1.2, 17.2 Hz, 1H), 5.20 (dddd, J = 7.6, 7.6, 10.0, 17.2 Hz, 
1H), 7.17-7.19 (m, 2H), 7.26-7.32 (m, 1H), 7.46 (d, J = 7.6 Hz, 1H); LRMS (EI) m/z 438 [M]+. 
 
(6aS*,13bS*)-13b-Allyl-6a-tert-butyldimethylsiloxymethyl-8-methylene-4-oxo-1,2,4,5,6,6a,7,13b- 
octahydropyrrolo[1’,2’:1,8]azocino[5,4-b]indole (103) 
To a solution of 97b (13.4 mg, 0.023 mmol) in MeOH (0.23 mL) was added AcOH (0.1 mL) and the mixture 
was stirred for 23 h at room temperature. The reaction was quenched by addition of saturated aqueous NaHCO3 
at 0 °C. The mixture was concentrated and the residue was extracted with EtOAc. The combined organic layers 
were washed with brine, dried over Na2SO4 and concentrated under reduced pressure to give 103 (10.4 mg, 
quant) as a colorless oil. 
Spectral data of 103: 1H NMR (400 MHz, CDCl3) δ: 0.08 (s, 3H), 0.09 (s, 3H), 0.90 
(s, 9H), 1.72 (ddd, J = 7.2, 10.8, 12.8 Hz, 1H), 1.93 (ddd, J = 5.6, 10.8, 12.8 Hz, 
1H), 2.16 (ddd, J = 5.6, 10.8, 16.4 Hz, 1H), 2.26-2.36 (m, 4H), 2.52 (dd, J = 7.2, 
14.0 Hz, 1H), 2.80-2.88 (m, 2H), 3.50 (d, J = 15.2, 1H), 3.58-3.68 (m, 3H), 4.88 (d, 
J = 10.0 Hz, 1H), 4.89 (d, J = 16.4 Hz, 1H), 5.21 (dddd, J = 7.2, 7.2, 10.0, 16.4 Hz, 
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1H), 5.32 (s, 1H), 5.97 (s, 1H), 7.19-7.20 (m, 2H), 7.31 (ddd, J = 3.6, 5.2, 8.4 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H); 
LRMS (EI) m/z 582 [M]+. 
 
(6aS*,8R*,13bS*)-6a-tert-Butyldimethylsiloxymethyl-8-hydroxy-13b-methoxy-8-methoxymethyl-4-oxo- 
2,4,5,6,6a,7,8,13b-octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (104) 
To a solution of 96b (17 mg, 0.028 mmol) in MeOH (0.3 mL) was added AcOH (0.1 mL) and the mixture was 
stirred for 24 h at room temperature. The reaction was quenched by addition of saturated aqueous NaHCO3 at 
0 °C. The mixture was concentrated and the residue was extracted with EtOAc. The combined organic layers 
were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue 
was purified by flash column chromatography on silica gel eluted with EtOAc/n-hexane (3/1) to afford 104 (8.5 
mg, 62%) as a colorless solid. 
Spectral data of 104: 1H NMR (600 MHz, CDCl3) δ: 0.048 (s, 3H), 0.052 (s, 3H), 
0.85 (s, 9H), 1.68 (ddd, J = 3.0, 9.6, 12.6 Hz, 1H), 2.05 (ddd, J = 9.6, 9.6, 12.6 Hz, 
1H), 2.15 (ddd, J = 3.0, 9.6, 16.2 Hz, 1H), 2.26-2.35 (m, 4H), 2.97-3.03 (m, 1H), 
3.00 (s, 3H), 3.22 (ddd, J = 4.2, 4.2, 15.0 Hz, 1H), 3.43 (s, 3H), 3.51 (d, J = 10.8 
Hz, 1H), 3.62-3.68 (m, 2H), 3.95 (s, 1H), 3.99 (d, J = 9.6 Hz, 1H), 4.15 (d, J = 
10.8 Hz, 1H), 7.24-7.25 (m, 2H), 7.34-7.37 (m, 1H), 7.46 (d, J = 7.2 Hz, 1H); 13C 
NMR (150 MHz, CDCl3) δ: -5.58, -5.55, 18.1, 25.7 (3C), 29.16, 29.18, 35.7, 36.0, 44.3, 53.1, 59.4, 65.9, 66.6, 
77.5, 79.5, 91.9, 121.3, 122.5, 126.6, 130.2, 135.9, 153.0, 176.1, 185.1; IR (KBr) ν: 3367, 2937, 2855, 1668, 
1559, 1461, 1100 cm-1; LRMS (FAB) m/z 489 [M+H]+; HRMS (FAB) calcd for C26H41N2O5Si [M+H]+ 489.2785, 
found 489.2778.
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Chapter 3. 
 
(6aS*,8S*)-8-Benzyloxymethyl-6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (108) 
To a solution of 78b (200 mg, 0.467 mmol) and n-Bu4NHSO4 (1.6 mg, 0.0047 mmol) in CH2Cl2 (4.7 mL) 
were successively added 50% KOH aq. (1.0 mL, 9.34 mmol) and BnBr (0.28 mL, 2.34 mmol) at 0 °C. After 
stirring for 17.5 h at the same temperature, water was added and the mixture was extracted with CH2Cl2. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/3~1/2) to afford 108 (166 mg, 69%) as a colorless solid. 
Spectral data of 108: mp. 196-197 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 0.08 (s, 6H), 0.90 (s, 9H),1.55-1.62 (m, 1H), 1.93 (dd, J = 9.2, 14.8 Hz, 
1H), 2.04 (dd, J = 1.6, 14.8 Hz, 1H), 2.08 (ddd, J = 8.0, 8.8, 12.8 Hz, 1H), 2.23 (t, J 
= 8.0 Hz, 2H), 2.92 (ddd, J = 3.6, 4.8, 16.0 Hz, 1H), 3.33-3.49 (m, 2H), 3.57-3.60 
(m, 2H), 3.73 (d, J = 10.4 Hz, 1H), 3.78 (dd, J = 6.0, 8.8 Hz, 1H), 3.97 (dd, J = 3.2, 
8.8 Hz, 1H), 4.15 (ddd, J = 4.8, 4.8, 14.0 Hz, 1H), 4.65 (d, J = 12.0 Hz, 1H) , 4.69 
(d, J = 12.0 Hz, 1H), 7.04 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.10 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.19 (d, J = 7.6 Hz, 
1H), 7.35-7.47 (m, 6H), 8.75 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.6 (2C), 18.1, 23.4 (3C), 25.7, 29.3, 
31.1, 32.7, 39.3, 41.3, 64.6, 65.7, 73.8, 74.1, 108.1, 110.2, 118.0, 119.0, 121.2, 127.9 (2C), 128.2, 128.7 (2C), 
128.9, 134.7, 136.3, 137.4, 175.9; IR (KBr) ν: 3230, 2927, 2854, 1651, 1463, 1413, 1249, 1115 cm-1; LRMS (EI) 
m/z 518 [M]+; HRMS (FAB) calcd for C31H43N2O3Si [M+H]+ 519.3043, found 519.3063. 
 
8-(1,3-Dioxolan-2-yl)-10a-Hydroxymethyl-3-oxoperhydropyrrolo[1,2-a]azocine (111) 
To a solution of 41 (100 mg, 0.31 mmol) in MeOH (3.1 mL) was added 5% Pd-C (10 mg) and the mixture was 
stirred for 2 h at room temperature under H2 atmosphere. After filtration of the reaction mixture through a Celite® 
pad, the filtrate was concentrated under reduced pressure. The resulting residue (100.6 mg) was dissolved in 
benzene (6 mL).  
To the solution in a flask fitted with Dean-Stark apparatus were added ethylene glycol (0.086 mL, 1.55 mmol) 
and TsOH･H2O (1.7 mg, 0.009 mmol) and the mixture was heated for 5 h under reflux. The reaction was 
quenched by addition of saturated aqueous NaHCO3 at 0 °C and the mixture was exracted with EtOAc. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue (114 mg) was dissolved in THF (5 mL). 
To the solution was added TBAF (1.0 M THF soln., 0.4 mL, 0.4 mmol) at 0 °C and the mixture was stirred for 
2 h at the same temperature. The reaction was quenched by addition of saturated aqueous NH4Cl and the mixture 
was exracted with EtOAc and n-BuOH. The combined organic layers were washed with brine and dried over 
Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash column 
chromatography on silica gel eluted with MeOH/EtOAc (1/10) to afford 111 (69.4 mg, 3 steps, 88%) as a 
colorless solid. 
Spectral data of 111: 1H-NMR (400 MHz, CDCl3) δ: 1.57 (ddd, J = 1.6, 8.8, 13.2 Hz, 1H), 1.65-1.85 (m, 8H), 
2.13 (ddd, J = 3.6, 10.4, 13.6 Hz, 1H), 2.39 (ddd, J = 4.0, 10.8, 17.2 Hz, 1H), 2.51 (ddd, J = 8.0, 10.4, 17.2 Hz, 
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1H), 2.73-2.76 (m, 1H), 3.36 (d, J = 11.4 Hz, 1H), 3.72 (d, J = 11.4 Hz, 1H), 3.87-3.97 (m, 
5H); 13C-NMR (100 MHz, CDCl3) δ: 21.8, 26.1, 28.4, 30.6, 30.7, 34.7, 39.2, 64.2, 64.3, 
66.4, 67.0, 111.1, 176.8; IR (neat) ν: 3360, 2944, 2875, 1670, 1429, 1282, 1133, 1081 
cm-1; LRMS (EI) m/z 255 [M]+; HRMS (FAB) calcd for C13H22NO4 [M+H]+ 256.1549, 
found 256.1549.  
 
8-(1,3-Dioxolan-2-yl)-10a-formyl-3-oxoperhydropyrrolo[1,2-a]azocine (112) 
To a solution of 111 (10 mg, 0.039 mmol) in CH2Cl2 (0.4 mL) were successively added NaHCO3 (33 mg, 0.39 
mmol) and Dess-Martin periodinane (51 mg, 0.12 mmol) at 0 °C. The mixture was stirred for 3 h at room 
temputature. After the reaction was quenched by addition of saturated aqueous Na2S2O3, saturated aqueous 
NaHCO3 and water, the mixture was exracted with EtOAc. The combined organic layers were washed with brine 
and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by flash 
column chromatography on silica gel eluted with MeOH/EtOAc (1/0~8/1) to afford 112 (8.7 mg, 88%) as a 
colorless amorphous solid.  
Spectral data of 112: 1H-NMR (400 MHz, CDCl3) δ: 1.62-1.93 (m, 8H), 2.10 (ddd, J = 4.4, 
10.0, 14.4 Hz, 1H), 2.15-2.25 (m, 1H), 2.39 (ddd, J = 8.0, 9.6, 17.6 Hz, 1H), 2.52 (ddd, J = 
5.2, 10.4, 17.6 Hz, 1H), 2.72 (ddd, J = 4.4, 10.0, 14.4 Hz, 1H), 3.85-3.95 (m, 4H), 4.08 (ddd, 
J = 5.2, 5.2, 14.4 Hz, 1H), 9.47 (s, 1H); 13C-NMR (100 MHz, CDCl3) δ: 21.5, 25.2, 26.6, 
29.0, 31.1, 33.1, 40.9, 64.4, 64.4, 72.0, 110.8, 175.8, 199.5; IR (neat) ν: 3370, 2937, 2878, 
1728, 1650, 1413, 1282, 1070 cm-1. 
 
tert-Butyl (6aS*,8S*)-8-benzyloxymethyl-6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,9- 
octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (165) 
To a solution of 108 (224 mg, 0.432 mmol) in CH2Cl2 (4.3 mL) were added Boc2O (189 mg, 0.864 mmol), 
Et3N (0.24 mL, 1.73 mmol) and DMAP (5.3 mg, 0.043 mmol) at room temperature and the mixture was heated 
for 10 h under reflux. The reaction was quenched by addition of saturated aqueous NaHCO3 and the mixture was 
exracted with CH2Cl2. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (1/3) to afford 165 (267 mg, quant) as a colorless amorphous solid.  
Spectral data of 165: 1H NMR (400 MHz, CDCl3, 55°C) δ: -0.14 (s, 3H), -0.11 (s, 
3H), 0.78 (s, 9H), 1.65 (s, 9H), 1.80 (ddd, J = 8.4, 8.4, 12.8 Hz, 1H), 2.15-2.27 (m, 
2H), 2.32 (t, J = 8.0 Hz, 2H), 2.61 (dd, J = 10.4, 16.0 Hz, 1H), 2.85 (ddd, J = 7.2, 
8.4, 14.0 Hz, 1H), 2.98-3.11 (m, 2H), 3.44 (d, J = 10.4 Hz, 1H), 3.53 (d, J = 10.4 
Hz, 1H), 3.69 (dd, J = 7.6, 9.2 Hz, 1H), 3.73 (dd, J = 4.4, 9.2 Hz, 1H), 4.19-4.26 
(m, 1H), 4.43-4.51 (m, 3H), 7.18-7.26 (m, 7H), 7.41 (dd, J = 1.2, 7.2 Hz, 1H), 7.94 
(dd, J = 1.2, 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3, 55°C) δ: -5.9, -5.8, 18.1, 22.3, 25.7 (3C), 28.2 (3C), 29.8, 
32.5, 35.1, 40.5, 41.5, 64.8, 66.1, 73.1, 73.5, 83.9, 115.2, 117.6, 119.5, 122.5, 124.0, 127.45, 127.53 (2C), 128.3 
(2C), 129.6, 136.1, 137.1, 138.4, 150.7, 176.0; IR (film) ν: 2930, 2857, 1730, 1681, 1455, 1314, 1114 cm-1; 
LRMS (EI) m/z 618 [M]+; HRMS (FAB) calcd for C36H51N2O5Si [M+H]+ 619.3567, found 619.3526.  
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tert-Butyl (6aS*,8S*)-8-benzyloxymethyl-6a-hydroxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (113)  
To a solution of 165 (310 mg, 0.5 mmol) in THF (5 mL) was added TBAF (1.0 M solution in THF., 0.52 mL, 
0.52 mmol) at 0 °C and the mixture was stirred for 4 h at the same temperature. The reaction was quenched by 
addition of water and the mixture was exracted with EtOAc. The combined organic layers were washed with 
brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by 
flash column chromatography on silica gel eluted with EtOAc/n-hexane (5/1~1/0) to afford 113 (252 mg, quant) 
as a colorless solid. 
Spectral data of 113: mp. 159-160 °C (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3, 
55 °C) δ: 1.65 (s, 9H), 1.77-1.84 (m, 2H), 2.19-2.42 (m, 4H), 2.62 (dd, J = 10.8, 16.0 
Hz, 1H), 2.93-3.14 (m, 3H), 3.60-3.72 (m, 4H), 4.26 (dddd, J = 4.8, 4.8, 6.8, 10.8 Hz, 
1H), 4.44 (d, J = 12.0 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.51 (ddd, J = 3.2, 6.8, 14.4 
Hz, 1H), 7.19-7.27 (m, 7H), 7.42 (ddd, J = 0.8, 1.2, 7.6 Hz, 1H), 7.92 (dd, J = 0.8, 1.2, 
8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3, 55 °C) δ: 22.3, 28.2 (3C), 29.7, 32.3, 34.7, 
40.9, 41.3, 64.2, 66.1, 73.2, 73.8, 84.1, 115.1, 117.7, 119.1, 122.5, 124.1, 127.5, 127.6 (2C), 128.3 (2C), 129.6, 
136.2, 136.9, 138.2, 150.9, 176.0; IR (KBr) ν: 3350, 2925, 1725, 1657, 1455, 1314, 1257, 1137 cm-1; LRMS (EI) 
m/z 504 [M]+; HRMS (FAB) calcd for C30H37N2O5 [M+H]+ 505.2702, found 505.2655.  
 
tert-Butyl (6aS*,8S*)-8-benzyloxymethyl-6a-formyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (114)  
To a solution of 113 (7.5 mg, 0.015 mmol) in CH2Cl2 (0.15 mL) were successively added NaHCO3 (19 mg, 
0.23 mmol) and Dess-Martin periodinane (29 mg, 0.068 mmol) at 0 °C and the mixture was stirred for 60 h at 
room temperature. After the reaction was quenched by addition of saturated aqueous Na2S2O3, saturated aqueous 
NaHCO3 and water, the mixture was extracted with CH2Cl2. The combined organic layers were washed with 
brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified by 
flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/1~2/1) to afford 114 (7.0 mg, 93%) as 
a colorless amorphous solid. 
Spectral data of 114: 1H NMR (400 MHz, CDCl3, 55 °C) δ: 1.69 (s, 9H), 1.98-2.06 (m, 
1H), 2.14-2.27 (m, 2H), 2.38-2.47 (m, 1H), 2.79 (dd, J = 4.0, 16.0 Hz, 1H), 2.90 (dd, J 
= 11.6, 16.0 Hz, 1H), 3.02 (dd, J = 5.2, 14.8 Hz, 1H), 3.15-3.28 (m, 2H), 3.70 (dd, J = 
6.8, 9.2 Hz, 1H), 3.79 (dd, J = 4.0, 9.2 Hz, 1H), 4.45-4.60 (m, 4H), 7.21-7.32 (m, 7H), 
7.41 (d, J = 6.8 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 9.19 (s, 1H); 13C NMR (100 MHz, 
CDCl3, 55 °C) δ: 21.3, 28.2 (3C), 28.7, 33.7, 34.5, 41.9, 42.9, 71.2, 72.9, 73.2, 84.3, 
115.7, 117.6, 119.8, 122.7, 124.7, 127.6, 127.6 (2C), 128.3 (2C), 128.6, 136.2, 136.9, 138.1, 150.5, 176.0, 199.1; 
IR (neat) ν: 2926, 2826, 1722, 1689, 1455, 1312, 1140 cm-1; LRMS (EI) m/z 502 [M]+; HRMS (FAB) calcd for 
C30H35N2O5 [M+H]+ 503.2546, found 503.2514.  
 
tert-Butyl (6aS*,8S*)-6a-acetyl-8-benzyloxymethyl-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (115)  
To a solution of 114 (50 mg, 0.1 mmol) in THF (1 mL) was added MeMgI (3.0 M solution in Et2O, 0.17 mL, 
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0.5 mmol) at 0 °C and the mixture was stirred for 5 h at room temperature. The reaction was quenched by 
addition of saturated aqueous Rochelle’s salt and water at 0 °C and the mixture was extracted with EtOAc. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (5/1~1/0) to afford a diastereo mixture (51.2 mg) in the ratio of 1:1 (determined by 1H NMR 
spectrum) as a colorless oil, which was dissolved in CH2Cl2 (1 mL). 
To the solution were successively added NaHCO3 (126 mg, 1.5 mmol) and Dess-Martin periodinane (190 mg, 
0.45 mmol) at 0 °C and the mixture was stirred for 9 h at room temperature. After the reaction was quenched by 
addition of saturated aqueous Na2S2O3, saturated aqueous NaHCO3 and water, the mixture was extracted with 
CH2Cl2. The combined organic layers were washed with brine and dried over Na2SO4. After concentration under 
reduced pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (3/2) to afford 115 (42.2 mg, 2 steps, 83%) as a colorless amorphous solid.  
Spectral data of 115: 1H NMR (400 MHz, CDCl3, 55 °C) δ: 1.50 (s, 3H), 1.68 (s, 9H), 
2.03-2.24 (m, 3H), 2.40 (ddd, J = 4.8, 9.6, 16.2 Hz, 1H), 2.81 (d, J = 8.8 Hz, 2H), 
2.95-3.02 (m, 1H), 3.21-3.31 (m, 2H), 3.71 (dd, J = 7.2, 9.2 Hz, 1H), 3.78 (dd, J = 4.0, 
9.2 Hz, 1H), 4.45-4.52 (m, 2H), 4.47 (d, J = 12.8 Hz, 1H), 4.51 (d, J = 12.8 Hz, 1H), 
7.19-7.29 (m, 7H), 7.40 (d, J = 7.6 Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H); 13C NMR (100 
MHz, CDCl3, 55 °C) δ: 21.2, 26.4, 28.3 (3C), 29.0, 34.9, 36.3, 43.1, 44.3, 73.1, 73.3, 
74.1, 84.2, 115.7, 117.4, 119.4, 122.6, 124.4, 127.5, 127.6 (2C), 128.3 (2C), 128.7, 136.3, 137.4, 138.4, 150.4, 
175.8, 208.9; IR (film) ν: 3053, 2929, 1727, 1684, 1456, 1360, 1265, 1143 cm-1; LRMS (EI) m/z 516 [M]+; 
HRMS (FAB) calcd for C31H37N2O5 [M+H]+ 517.2702, found 517.2670.  
 
Methyl (6aS*,8S*,13bS*)-8-benzyloxymethyl-6a-tert-butyldimethylsiloxymethyl-4-oxo-2,4,5,6,6a,7,8,13b- 
octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-13b-carboxylate (129) 
To a solution of 108 (31 mg, 0.057 mmol) in toluene (1.0 mL) was added MeMgI (3.0 M solution in Et2O, 
0.057 μL, 0.171 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, 
NCCO2Me (0.054 mL, 0.684 mmol) was added and the mixture was stirred for 1 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous Rochelle’s salt at 0 °C and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration 
under reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted 
with EtOAc/n-hexane (1/2~1/1) to afford 129 (32.7 mg, 99%) as a colorless oil. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of 129: 1H NMR (400 MHz, CDCl3) δ: 0.07 (s, 3H), 0.08 (s, 3H), 0.87 
(s, 9H), 1.68 (ddd, J = 4.0, 10.4, 13.2 Hz, 1H), 1.97-2.24 (m, 4H), 2.29-2.39 (m, 2H), 
3.03 (ddd, J = 2.0, 9.2, 15.2 Hz, 1H), 3.15 (ddd, J = 2.0, 7.6, 15.2 Hz, 1H), 3.31 (ddd, 
J = 2.4, 7.2, 15.6 Hz, 1H), 3.47 (d, J = 10.4 Hz, 1H), 3.52 (s, 3H), 3.77-3.84 (m, 4H), 
4.53 (d, J = 12.4 Hz, 1H), 4.57 (d, J = 12.4 Hz, 1H), 7.20 (dd, J = 7.6, 7.6 Hz, 1H), 
7.26-7.37 (m, 7H), 7.52 (d, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.6, 
-5.5, 18.1, 25.8 (3C), 29.1, 29.8, 35.3, 37.2, 38.2, 40.2, 52.7, 65.7, 66.3, 70.0, 72.6, 73.2, 120.6, 121.9, 126.1, 
127.69, 127.71 (2C), 128.4 (2C), 129.0, 138.3, 138.8, 155.0, 170.8, 176.1, 184.6; IR (neat) ν: 2952, 2856, 1731, 
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1676, 1455, 1106, 835, 731 cm-1; LRMS (EI) m/z 576 [M]+; HRMS (EI) calcd for C33H44N2O5Si [M]+ 576.3019, 
found 576.3002. 
 
Methyl (6aS*,8S*,8aR*,13bR*)-8,13b–bis-benzyloxymethyl-6a-tert-butyldimethylsiloxymethyl-4-oxo- 
2,4,5,6,6a,7,8,8a,9,13b-decahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (131) 
To a solution of 129 (136 mg, 0.236 mmol) and NaBH3CN (74 mg, 1.18 mmol) in MeOH (8 mL) was added 
AcOH (0.1 mL) at 0 °C. After stirring for 23 h at room temperature, the reaction was quenched by addition of 
saturated aqueous NaHCO3 at 0 °C. The mixture was concentrated under reduced pressure and the residue was 
extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue as a colorless oil was dissolved in CH2Cl2 (8 mL). 
To the solution were added Na2CO3 (1.5 g, 14.16 mmol) and ClCO2Me (1.2 mL, 9.44 mmol) at 0 °C and the 
mixture was stirred for 36 h at room temperature. After filtration of the reaction mixture through a Celite® pad, 
saturated aqueous NaHCO3 was added to the filtrate and the mixture was extracted with EtOAc. The combined 
organic layers were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the 
resulting residue was purified by flash column chromatography on silica gel eluted with EtOAc/n-hexane 
(1/1~3/2) to afford carbamate (125 mg, 2 steps, 85%) as a colorless oil. 
To a solution of the carbamate (125 mg, 0.196 mmol) in MeOH (4 mL) was added NaBH4 (22 mg, 0.58 
mmol) at 0 °C and the mixture was stirred for 24 h at room temperature. The reaction was quenched by addition 
of saturated aqueous NH4Cl and water at 0 °C and the mixture was extracted with EtOAc. The combined organic 
layers were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting 
residue as a colorless oil was dissolved in CH2Cl2 (8 mL). 
To the solution were added n-Bu4NHSO4 (9.8 mg, 0.029 mmol), BnBr (0.18 mL, 1.44 mmol) and 50% KOH 
aq. (0.7 mL) at 0 °C and the mixture was stirred for 24 h at room temperature. The reaction was quenched by 
addition of water at 0 °C and the mixture was extracted with CH2Cl2. The combined organic layers were washed 
with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified 
by flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/3~1/1) to afford 131 (98 mg, 2 
steps, 71%) as a colorless oil. 
Spectral data of 131: 1H NMR (400 MHz, CDCl3) δ: -0.06 (s, 3H), -0.05 (s, 3H), 
0.79 (s, 9H), 0.83-0.90 (m, 1H), 1.30 (d, J = 15.2 Hz, 1H), 1.47-1.60 (m, 2H), 1.84 
(ddd, J = 5.6, 10.8, 12.4 Hz, 1H), 1.98 (ddd, J = 5.6, 10.8, 16.8 Hz, 1H), 2.32 (ddd, 
J = 1.6, 6.8, 15.2 Hz, 1H), 2.49-2.65 (m, 2H), 2.96-3.13 (m, 3H), 3.11 (d, J = 10.8 
Hz, 1H), 3.28 (dd, J = 8.8, 8.8 Hz, 1H), 3.70-3.74 (m, 2H), 3.78 (s, 3H), 3.97 (ddd, 
J = 1.2, 8.8, 14.8 Hz, 1H), 4.42 (s, 2H), 4.46 (d, J = 11.6 Hz, 1H), 4.59 (d, J = 11.6 
Hz, 1H), 4.83 (s, 1H), 6.99 (ddd, J = 0.8, 7.6, 7.6 Hz, 1H), 7.16 (ddd, J = 0.8, 7.6, 7.6 Hz, 1H), 7.22-7.34 (m, 
11H), 7.48 (d, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: -5.7 (2C), 17.9, 25.6 (3C), 26.5, 29.3, 31.0, 34.8, 
36.3, 38.0, 50.9, 52.7, 63.9, 65.4, 66.1, 73.1, 73.2, 75.5, 78.6, 115.8, 123.2, 123.5, 127.2 (2C), 127.40, 127.44, 
127.49 (2C), 127.5 (2C), 127.9, 128.3 (2C), 135.1, 138.0, 138.5, 142.2, 154.9, 176.3; LRMS (EI) m/z 698 [M]+; 
HRMS (EI) calcd for C41H55N2O6Si [M+H]+ 699.3829, found 699.3790. 
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Methyl (6aS*,8S*,8aR*,13bR*)-6a-acetyl-8,13b–bis-benzyloxymethyl-4-oxo-2,4,5,6,6a,7,8,8a,9,13b- 
decahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (166) 
To a solution of 131 (42 mg, 0.06 mmol) in THF (1.2 mL) was added TBAF (1.0 M solution in THF., 0.066 
mL, 0.066 mmol) at 0 °C and the mixture was stirred for 11 h at the same temperature. The reaction was 
quenched by addition of water and the mixture was exracted with EtOAc. The combined organic layers were 
washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was 
purified by filtration through a silica gel pad eluted with EtOAc to afford alcohol (35.1 mg) as a colorless oil, 
which was dissolved in CH2Cl2 (2 mL). 
To the solution were successively added NaHCO3 (50 mg, 0.6 mmol) and Dess-Martin periodinane (76 mg, 
0.18 mmol) at 0 °C and the mixture was stirred for 3 h at room temperature. After the reaction was quenched by 
addition of saturated aqueous Na2S2O3, saturated aqueous NaHCO3 and water, the mixture was extracted with 
CH2Cl2. The combined organic layers were washed with brine and dried over Na2SO4. After concentrated under 
reduced pressure, the resulting residue as a colorless oil was dissolved in THF (1.2 mL). 
To the solution was added MeMgI (3.0 M solution in Et2O, 0.06 mL,0.18 mmol) at 0 °C and the mixture was 
stirred for 2 h at room temperature. The reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C 
and the mixture was extracted with EtOAc. The combined organic layers were washed with brine and dried over 
Na2SO4. After concentration under reduced pressure, the resulting residue as a colorless oil was dissolved in 
CH2Cl2 (1 mL). 
To the solution were successively added NaHCO3 (50 mg, 0.6 mmol) and Dess-Martin periodinane (76 mg, 
0.18 mmol) at 0 °C and the mixture was stirred for 2 h at room temperature. After the reaction was quenched by 
addition of saturated aqueous Na2S2O3, saturated aqueous NaHCO3 and water, the mixture was extracted with 
CH2Cl2. The combined organic layers were washed with brine and dried over Na2SO4. After concentrated under 
reduced pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/1~2/1) to afford 166 (27 mg, 4 steps, 75%) as a colorless amorphous solid. 
Spectral data of 166: 1H NMR (400 MHz, CDCl3) δ: 1.14 (ddd, J = 6.2, 10.4, 13.6 Hz, 
1H), 1.49 (dd, J = 7.2, 15.2, Hz, 1H), 1.54-1.60 (m, 1H), 1.75 (ddd, J = 7.2, 10.0, 13.6 
Hz, 1H), 1.87 (d, J = 15.2 Hz, 1H), 1.93-2.01 (m, 4H), 2.20-2.29 (m, 2H), 2.63 (ddd, J 
= 4.4, 11.2, 15.6 Hz, 1H), 2.89-2.98 (m, 2H), 3.02 (d, J = 9.2 Hz, 1H), 3.55 (dd, J = 8.4, 
8.4 Hz, 1H), 3.63 (dd, J = 8.4, 8.4 Hz, 1H), 3.75 (s, 3H), 4.10 (ddd, J = 1.2, 8.4, 15.6 
Hz, 1H), 4.42 (s, 2H), 4.50 (d, J = 11.6 Hz, 1H), 4.61 (d, J = 11.6 Hz, 1H), 5.02 (s, 1H), 
7.01 (dd, J = 7.6, 7.6 Hz, 1H), 7.18-7.40 (m, 12H), 7.53 (d, J = 7.6 Hz, 1H); LRMS (EI) m/z 596 [M]+. 
 
(6aS*,8S*,8aR*,13bR*)-6a-acetyl-8,13b–bis-benzyloxymethyl-4-oxo-2,4,5,6,6a,7,8,8a,9,13b-decahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (132) 
To a solution of 166 (8 mg, 0.0134 mmol) in MeOH (2 mL) was added 50% KOH aq. (6 mL) at room 
temperature and the mixture was stirred for 40 h at 80 °C. After concentration under reduced pressure, the residue 
was exracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue was purified by filtration through a silica gel pad 
eluted with EtOAc to afford 132 (5.2 mg, 72%) as a colorless oil. 
Spectral data of 132: 1H NMR (400 MHz, CDCl3) δ: 1.15-1.23 (m, 1H), 1.60-1.83 (m, 4H), 2.02 (s, 3H), 
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2.07-2.14 (m, 1H), 2.14-2.35 (m, 5H), 2.47 (dd, J = 6.0, 15.2 Hz, 1H), 3.07-3.13 (m, 
1H), 3.57-3.70 (m, 4H), 4.04-4.10 (m, 1H), 4.46-4.56 (m, 4H), 6.56 (d, J = 7.2 Hz, 1H), 
6.68 (dd, J = 7.2, 7.2 Hz, 1H), 6.99-7.05 (m, 2H), 7.26-7.36 (m, 10H); LRMS (EI) m/z 
538 [M]+. 
 
 
3-[2-(1,3-Dioxolan-2-yl)ethyl]-3-methyldihydrofuran-2-one (149) 
To a solution of α-Methyl-γ-butyrolactone (405 mg, 4.05 mmol) in THF (20 mL) was added LHMDS (1.0 M 
solution in THF, 5.3 mL, 5.26 mmol) dropwisely at −78 °C and the mixture was stirred for 1 h at the same 
temperature. Then, 148 (25.6 mL, 296 mmol) was added at -78 °C and the mixture was stirred for 8 h at 0 °C. 
The reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with 
EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration under 
reduced pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/3~1/2) to afford 149 (713 mg, 88%) as a colorless oil. 
Spectral data of 149: 1H NMR (400 MHz, CDCl3) δ: 1.26 (s, 3H), 1.60-1.85 (m, 4H), 2.03 
(ddd, J = 6.4, 7.2, 12.8 Hz, 1H), 2.21 (ddd, J = 7.2, 7.2, 12.8 Hz, 1H), 3.82-3.90 (m, 2H), 
3.93-4.01 (m, 2H), 4.22-4.31 (m, 2H), 4.88 (t, J = 4.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) 
δ: 22.1, 28.7, 30.8, 34.4, 41.6, 64.8, 64.9 (2C), 103.8, 181.5; IR (neat) ν: 2965, 2880, 1759, 
1456, 1384, 1130, 1095, 1022 cm-1; LRMS (FAB) m/z 201 [M+H]+; HRMS (FAB) calcd for C10H17O4 [M+H]+ 
201.1049, found .  
 
4-(1,3-Dioxolan-2-yl)-2-methyl-2-(2-phenylselenylethyl)butyric acid (150) 
To a solution of diphenyl diselenide (1.1 g, 3.55 mmol) in DMF (8.9 mL) was added NaBH4 (269 mg, 7.10 
mmol) at 0 °C and the mixture was stirred for 10 min at room temperature. Then, 149 (710 g, 3.55 mmol) was 
added at the same temperature and the mixture was heated for 7 h at 120 °C. The reaction was quenched by 
addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with EtOAc. The combined organic 
layers were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting 
residue was purified by flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/3) to afford 
150 (786 mg, 62%) as a colorless oil. 
Spectral data of 150: 1H NMR (400 MHz, CDCl3) δ: 1.17 (s, 3H), 1.55-1.80 (m, 4H), 
1.87 (ddd, J = 6.0, 11.6, 13.6 Hz, 1H), 2.07 (ddd, J = 5.6, 11.6, 14.0 Hz, 1H), 2.80-2.92 
(m, 2H), 3.80-3.88 (m, 2H), 3.91-3.99 (m, 2H), 4.82-4.84 (m, 1H), 7.21-7.28 (m, 3H), 
7.45-7.48 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 21.0, 22.0, 28.8, 32.3, 39.4, 46.0, 64.9 
(2C), 104.1, 126.8, 129.1 (2C), 129.9, 132.3 (2C), 182.4; IR (neat) ν: 3160, 3065, 2959, 2880, 1695, 1577, 
1476, 1263, 1135, 1022 cm-1; LRMS (EI) m/z 358 [M]+; HRMS (EI) calcd for C16H22O4Se [M]+ 358.0683, 
found 358.0696. 
 
Methyl 4-(1,3-Dioxolan-2-yl)-2-methyl-2-(2-phenylselenylethyl)butyrate (167) 
To a solution of 150 (1.43 g, 4.0 mmol) in THF (8 mL) were added DBU (0.9 mL) and MeI (1.5 mL) at 0 °C 
and the mixture was stirred for 6 h at room temperature. The reaction mixture was diluted with EtOAc and the 
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mixture washed with saturated aqueous NH4Cl and brine. The organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (1/4~1/3) to afford 167 (1.49 g, quant) as a colorless oil. 
Spectral data of 167: 1H NMR (400 MHz, CDCl3) δ: 1.15 (s, 3H), 1.46-1.66 (m, 3H), 
1.70-1.79 (m, 1H), 1.84 (ddd, J = 5.2, 12.4, 13.6 Hz, 1H), 2.06 (ddd, J = 4.8, 12.4, 12.4 
Hz, 1H), 2.75 (ddd, J = 4.8, 12.4, 12.4 Hz, 1H), 2.84 (ddd, J = 5.2, 12.4, 12.4 Hz, 1H), 
3.65 (s, 3H), 3.80-3.88 (m, 2H), 3.91-3.99 (m, 2H), 4.81 (dd, J = 4.0, 4.0 Hz, 1H), 
7.21-7.29 (m, 3H), 7.44-7.48 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 21.0, 22.0, 28.7, 32.5, 39.6, 46.0, 51.6, 
64.7 (2C), 104.0, 126.6, 128.9 (2C), 129.9, 132.0 (2C), 176.4; IR (neat) ν: 3065, 2948, 2880, 1725, 1577, 1476, 
1436, 1195, 1137, 1022 cm-1; LRMS (EI) m/z 372 [M]+; HRMS (EI) calcd for C17H24O4Se [M]+ 372.0839, found 
372.0832. 
 
4-(1,3-Dioxolan-2-yl)-2-methyl-2-(2-phenylselenylethyl)butan-1-ol (168) 
To a solution of 167 (1.11 g, 3.0 mmol) in THF (7.5 mL) was added LiBH4 (2.0 M solution in THF, 3.0 mL, 
6.0 mmol) dropwisely at 0 °C and the mixture was stirred for 5 days at room temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with EtOAc. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/2~1/1) to afford 168 (1.01 g, 98%) as a colorless oil.  
Spectral data of 168: 1H NMR (400 MHz, CDCl3) δ: 0.86 (s, 3H), 1.36-1.40 (m, 2H), 
1.56-1.73 (m, 5H), 2.84-2.92 (m, 2H), 3.35 (d, J = 4.8, 2H), 3.81-3.89 (m, 2H), 3.93-4.01 (m, 
2H), 4.82 (t, J = 4.4 Hz, 1H), 7.20-7.28 (m, 3H), 7.46-7.49 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 21.3, 22.0, 27.6, 29.3, 37.3, 38.2, 64.9 (2C), 68.5, 104.7, 126.7, 129.0 (2C), 130.3, 
132.2 (2C); IR (neat) ν: 3463, 3065, 2953, 2871, 1577, 1405, 1128, 1022 cm-1; LRMS (EI) 
m/z 344 [M]+; HRMS (EI) calcd for C16H24O3Se [M]+ 344.0890, found 344.0899. 
 
4-(1,3-Dioxolan-2-yl)-2-methyl-2-(2-phenylselenylethyl)butyl toluene-4-sulfonate (151) 
To a solution of 168 (900 mg, 2.62 mmol) in pyridine (5.2 mL) was added TsCl (750 mg, 3.93 mmol) at 0 °C 
and the mixture was stirred for 32 h at room temperature. The reaction mixture was diluted with EtOAc and the 
mixture was washed with saturated aqueous NaHCO3, saturated aqueous NH4Cl and brine. The organic layer was 
dried over Na2SO4 and concentrated under reduced pressure. The resulting residue was purified by flash column 
chromatography on silica gel eluted with EtOAc/n-hexane (1/4~1/2) to afford 151 (1.3 g, quant) as a colorless oil.  
Spectral data of 151: 1H NMR (400 MHz, CDCl3) δ: 0.85 (s, 3H), 1.32-1.47 (m, 4H), 
1.58-1.68 (m, 2H), 2.44 (s, 3H), 2.65-2.70 (m, 2H), 3.69 (s, 2H), 3.79-3.84 (m, 2H), 
3.88-3.96 (m, 2H), 4.74 (t, J = 4.4 Hz, 1H), 7.21-7.28 (m, 3H), 7.33 (d, J = 8.0 Hz, 2H), 
7.41-7.45 (m, 2H), 7.76 (td, J = 2.0, 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ: 21.2, 21.3, 
21.6, 27.6, 29.7, 37.0, 37.2, 64.8 (2C), 75.1, 104.2, 126.8, 127.9 (2C), 129.1 (2C), 129.88 
(2C), 129.93, 132.2 (2C), 132.5, 144.8; IR (neat) ν: 3056, 2958, 2880, 1733, 1577, 1475, 1358, 1174, 1132, 
1096, 1021 cm-1; LRMS (EI) m/z 498 [M]+; HRMS (EI) calcd for C23H30O5SSe [M]+ 498.0979, found 
498.1000. 
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2-(3,3-Dimethyl-5-phenylselenylpentyl)-1,3-dioxolane (152) 
To a solution of 151 (1.26 g, 2.53 mmol) in THF (25 mL) was added LiEtBH3 (Super-hydride, 1.09 M solution 
in THF, 9.3 ml, 10.12 mmol) at 0 °C and the mixture was heated for 24 h under reflux. The reaction was 
quenched by addition of water at 0 °C and the mixture was extracted with EtOAc. The combined organic layers 
were washed with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue 
was purified by flash column chromatography on silica gel eluted with EtOAc/n-hexane (1/6~1/1) to afford 152 
(570 mg, 69%) as a colorless oil and 168 (237 mg, 27%) as a colorless oil.  
Spectral data of 152: 1H NMR (400 MHz, CDCl3) δ: 0.88 (s, 6H), 1.30-1.34 (m, 2H), 
1.55-1.64 (m, 4H), 2.83-2.90 (m, 2H), 3.81-3.89 (m, 2H), 3.92-4.00 (m, 2H), 4.80 (t, J = 4.8 
Hz, 1H), 7.20-7.28 (m, 3H), 7.46-7.48 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 22.6 (2C), 
26.6, 28.6, 33.5, 35.1, 42.3, 64.8 (2C), 104.9, 126.6, 129.0 (2C), 130.5, 132.1 (2C); IR (neat) 
ν: 3056, 2954, 2869, 1578, 1475, 1405, 1131, 1022 cm-1; LRMS (EI) m/z 328 [M]+; HRMS (EI) calcd for 
C16H24O2Se [M]+ 328.0941, found 328.0945. 
 
4,4-Dimethyl-6-phenylselenylhexanal (153) 
To a solution of 152 (60 mg, 0.183 mmol) in Acetone/H2O (10/1, 9.2 mL) was added PPTS (92 mg, 0.366 
mmol) at room temperature and the mixture was heated for 3 days under reflux. The reaction was quenched by 
addition of saturated aqueous NaHCO3 at 0 °C. The mixture was concentrated under reduced pressure and the 
residue was extracted with CH2Cl2. The combined organic layers were washed with brine and dried over Na2SO4. 
After concentration under reduced pressure, the resulting residue was purified by flash column chromatography 
on silica gel eluted with EtOAc/n-hexane (1/20) to afford 153 (50 mg, 96%) as a colorless oil.  
Spectral data of 153: 1H NMR (400 MHz, CDCl3) δ: 0.88 (s, 6H), 1.51-1.64 (m, 5H), 2.30 (dt, 
J = 1.6, 8.0 Hz, 1H), 2.82-2.86 (m, 2H), 7.24-7.29 (m, 3H), 7.47-7.49 (m, 2H), 9.75 (t, J = 1.6 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 22.5 (2C), 26.4, 32.9, 33.5, 39.1, 42.2, 126.8, 129.0 
(2C), 130.2, 132.5 (2C), 202.5; IR (neat) ν: 3065, 2956, 2718, 1720, 1577, 1476, 1365, 1233, 
1072, 1022 cm-1; LRMS (EI) m/z 284 [M]+; HRMS (FAB) calcd for C14H20OSe [M]+ 284.0680, found 284.0688. 
 
(4,4-Dimethylcyclohexyl)-2-tolylamine (146) 
To a suspension of 153 (120 mg, 0.424 mmol) and MgSO4 (510 mg, 4.24 mmol) in toluene (8.5 mL) was 
added 2-toluidine (45 μL, 0.424 mmol) at room temperature and the mixture was stirred for 16 h at the same 
temperature. Then, n-Bu3SnH (0.17 mL, 0.636 mmol), Et3B (1.05 M solution in hexane, 1.21 mL, 1.27 mmol) 
and air (4 mL) were added at 0 °C and the mixture was stirred for 8 h at room temperature. After filtration of the 
reaction mixture through a Celite® pad, saturated aqueous NaHCO3 was added to the filterate and the mixture was 
extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (0/1~1/50) to afford 146 (39.5 mg, 43%) as a colorless oil.  
Spectral data of 146: 1H NMR (400 MHz, CDCl3, 55 °C) δ: 0.96 (s, 6H), 1.26-1.47 (m, 
6H), 1.90-1.95 (m, 2H), 2.11 (s, 3H), 3.24-3.30 (m, 1H), 3.38 (brs 1H), 6.57-6.62 (m, 2H), 
7.02 (d, J = 7.6 Hz, 1H), 7.07 (dt, J = 0.8, 7.6, 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) 
δ: 17.4, 25.6, 29.4, 29.9, 31.4, 37.9, 51.8, 110.5, 116.4 (2C), 121.7, 127.1, 130.3 (2C), 
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145.5; IR (neat) ν: 3424, 2924, 2854, 1605, 1509, 1446, 1364, 1315, 1171, 1051, 742 cm-1; LRMS (EI) m/z 217 
[M]+; HRMS (EI) calcd for C15H23N [M]+ 217.1830, found 217.1834. 
 
tert-Butyl (6aS*,8S*)-8-benzyloxymethyl-4-oxo-6a-vinyl-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-9-carboxylate (154) and 
(6aS*,8S*)-8-Benzyloxymethyl-4-oxo-6a-vinyl-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (155) 
To a solution of Ph3PCH3Br (823 mg, 2.5 mmol) in THF (8 mL) was added t-BuOK (1.0 M solution in THF, 
2.5 mL, 2.5 mmol) dropwisely at 0 °C and the mixture was stirred for 1 h at room temperature. Then, a solution 
of 114 (250 mg, 0.497 mmol) in THF (8 mL) was added at 0 °C and the mixture was stirred for 1 h at room 
temperature. The reaction was quenched by addition of water at 0 °C and the mixture was extracted with EtOAc. 
The combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/2~1/1) to afford 154 (202 mg, 81%) as a colorless amorphous solid and 155 (20 mg, 10%) as 
a colorless solid. 
Spectral data of 154: 1H NMR (400 MHz, CDCl3) δ: 1.65 (s, 9H), 1.90-2.02 (m, 2H), 
2.23 (ddd, J = 7.6, 7.6, 16.0 Hz, 1H), 2.37 (ddd, J = 7.6, 7.6, 16.0 Hz, 1H), 2.43 (dd, J 
= 4.8, 15.6 Hz, 1H), 2.77 (dd, J = 11.6, 15.6 Hz, 1H), 2.91-2.97 (m, 1H), 3.06-3.17 (m, 
2H), 3.71-3.78 (m, 2H), 4.08-4.15 (m, 1H), 4.38-4.43 (m, 1H), 4.48 (d, J = 12.0 Hz, 
1H), 4.52 (d, J = 12.0 Hz, 1H), 4.90 (d, J = 17.6 Hz, 1H), 4.96 (d, J = 11.2 Hz, 1H), 
5.73 (dd, J = 11.2, 17.6 Hz, 1H), 7.19-7.31 (m, 7H), 7.41 (d, J = 6.8 Hz, 1H), 7.93 (d, J 
= 8.0 Hz, 1H); 13C NMR (100 MHz, CD3OD) δ: 22.3, 28.5 (3C), 29.8, 36.7, 37.9, 42.3, 43.1, 68.8, 73.9, 74.1, 
85.1, 115.1, 116.1, 118.6, 119.6, 123.5, 124.9, 128.5, 128.6 (2C), 129.3 (2C), 130.3, 137.3, 138.4, 139.4, 139.6, 
152.0, 178.2; IR (neat) ν: 2974, 2866, 1723, 1682, 1455, 1314, 1138 cm-1; LRMS (EI) m/z 500 [M]+; HRMS (EI) 
calcd for C31H36N2O4 [M]+ 500.2675, found 500.2670.  
Spectral data of 155: mp. 186-187 °C (EtOAc/n-hexane); 1H NMR (400 MHz, CDCl3) 
δ: 1.77 (ddd, J = 5.6, 8.8, 12.8 Hz, 1H), 1.98 (m, 2H), 2.17-2.34 (m, 3H), 2.90-2.95 (m, 
1H), 3.33-3.47 (m, 3H), 3.83 (dd, J = 5.2, 9.2 Hz, 1H), 3.98 (dd, J = 3.2, 9.2 Hz, 1H), 
4.18-4.23 (m, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 12.0 Hz, 1H), 5.12 (d, J = 
17.6 Hz, 1H), 5.31 (d, J = 10.8 Hz, 1H), 5.81 (dd, J = 10.8, 17.6 Hz, 1H), 7.04 (dd, J = 
7.2, 7.2 Hz, 1H), 7.10 (dd, J = 7.2, 7.2 Hz, 1H), 7.19 (d, J = 7.2 Hz, 1H), 7.38-7.46 (m, 
6H), 8.74 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: 23.6, 28.9, 32.5, 35.0, 39.7, 43.1, 66.5, 73.65, 73.73, 107.8, 
110.3, 115.8, 117.9, 119.0, 121.2, 127.9 (2C), 128.2, 128.7 (2C), 128.9, 134.6, 136.2, 137.3, 140.7, 175.5; IR 
(neat) ν: 3241, 2916, 2849, 1654, 1456, 1096 cm-1; LRMS (EI) m/z 400 [M]+; HRMS (FAB) calcd for 
C26H29N2O2 [M+H]+ 401.2229, found 401.2239.  
 
(6aS*,8S*)-8-Benzyloxymethyl-4-oxo-6a-vinyl-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (155) 
To a solution of 154 (185 mg, 0.37 mmol) in MeOH (3.7 mL) was added 50% KOH aq. (1 mL) at room 
temperature and the mixture was stirred for 3 h at 70 °C. The reaction was quenched by addition of saturated 
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aqueous NH 4Cl at 0 °C and the mixture was extracted with EtOAc. The combined organic layers were washed 
with brine and dried over Na2SO4. After concentration under reduced pressure, the resulting residue was purified 
by flash column chromatography on silica gel eluted with EtOAc to afford 155 (148 mg, quant) as a colorless 
solid. 
 
(6aR*,8S*)-8-Benzyloxymethyl-6a-(2-hydroxyethyl)-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (156)  
To a solution of 155 (85 mg, 0.21 mmol) in THF (7 mL) was added BH3-THF complex (1.09 M solution in 
THF, 0.59 mL, 0.63 mmol) at 0 °C and the mixture was stirred for 3.5 h at room temperature. water and 
Na2CO3･1.5 H2O2 (198 mg, 1.26 mmol) were successively added to the reaction mixture at 0 °C. After stirring 
for 1.5 h at room temperature, the reaction was quenched by addition of saturated aqueous NH 4Cl at 0 °C and the 
mixture was extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. 
After concentration under reduced pressure, the resulting residue was purified by flash column chromatography 
on silica gel eluted with EtOAc/MeOH (50/1~40/1) to afford 156 (26 mg, 30%) as a colorless amorphous solid. 
Spectral data of 156: 1H NMR (400 MHz, CDCl3) δ: 1.74 (ddd, J = 3.6, 9.6, 13.2 Hz, 
1H), 1.94-2.32 (m, 7H), 2.87 (ddd, J = 4.8, 4.8, 16.4 Hz, 1H), 3.35 (ddd, J = 4.4, 10.0, 
14.4 Hz, 1H), 3.45-3.49 (m, 1H), 3.55 (ddd, J = 5.6, 10.0, 16.0 Hz, 1H), 3.71 (t, J = 
6.8 Hz, 2H), 3.79 (dd, J = 4.8, 8.8 Hz, 1H), 3.99 (dd, J = 3.6, 8.8  Hz, 1H), 4.13 (ddd, 
J = 5.6, 5.6, 14.4 Hz, 1H), 4.65 (d, J = 12.0 Hz, 1H), 4.70 (d, J = 12.0 Hz, 1H), 7.04 
(ddd, J = 1.2, 8.0, 8.0 Hz, 1H), 7.10 (ddd, J = 1.2, 8.0, 8.0 Hz, 1H), 7.19 (dd, J = 1.2, 
8.0 Hz, 1H), 7.35-7.47 (m, 6H), 8.68 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: 22.8, 29.2, 32.2, 33.0, 38.2, 39.4, 
44.3, 58.2, 63.3, 73.70, 73.73, 107.4, 110.3, 117.9, 119.0, 121.2, 127.9 (2C), 128.2, 128.66, 128.69 (2C), 134.8, 
136.5, 137.4, 175.3; IR (neat) ν: 3403, 3260, 2924, 2860, 1652, 1459, 1415, 1072 cm-1; LRMS (EI) m/z 418 
[M]+; HRMS (EI) calcd for C26H30N2O3 [M]+ 418.2256, found 418.2272. 
 
(6aR*,8S*)-8-Benzyloxymethyl-6a-(2-metanesulfonyloxyethyl)-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (157)  
To a solution of 156 (25 mg, 0.06 mmol) in CH2Cl2 (2 mL) and pyridine (2 mL) were added DMAP (7 mg, 
0.06 mmol) and MsCl (0.05 mL, 0.6 mmol) at 0 °C. After stirring for 1.5 h at the same temperature, The reaction 
was quenched by addition of saturated aqueous NH 4Cl at the same temperature and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine, dried over Na2SO4 and concentrated under 
reduced pressure. The resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/Hexane (5/1) to afford 157 (24.8 mg, 83%) as a colorless solid. 
Spectral data of 157: mp. 179-180 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3, 50°C) δ: 1.78 (ddd, J = 3.6, 9.6, 13.2 Hz, 1H), 1.92-2.07 (m, 3H), 2.15-2.33 
(m, 4H), 2.87 (ddd, J = 4.8, 4.8, 16.0 Hz, 1H), 2.99 (s, 3H), 3.31 (ddd, J = 4.4, 4.4, 
14.8 Hz, 1H), 3.42-3.46 (m, 1H), 3.55 (ddd, J = 5.6, 5.6, 16.0 Hz, 1H), 3.81 (dd, J = 
4.8, 9.2 Hz, 1H), 3.99 (dd, J = 3.6, 9.2 Hz, 1H), 4.17 (ddd, J = 5.6, 5.6, 14.4 Hz, 
1H), 4.21-4.32 (m, 2H), 4.65 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 7.04 
(ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.09 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.18 (dd, J = 1.2, 7.6 Hz, 1H), 7.34-7.42 (m, 
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5H), 7.45 (dd, J = 1.2, 7.6 Hz, 1H), 8.59 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ: 22.7, 29.0, 32.3, 32.7, 35.3, 
35.7, 39.5, 44.4, 62.6, 65.4, 73.6, 73.8, 107.5, 110.4, 118.0, 119.2, 121.4, 128.0 (2C), 128.3, 128.7, 128.8 (2C), 
134.8, 136.0, 137.3, 174.8; IR (neat) ν: 3298, 2935, 2857, 1662, 1459, 1341, 1163 cm-1; LRMS (EI) m/z 496 
[M]+; HRMS (EI) calcd for C27H32N2O5S [M]+ 496.2032, found 496.2043. 
 
(6aR*,8S*)-8-Benzyloxymethyl-6a-(2-phenylselenylethyl)-4-oxo-2,4,5,6,6a,7,8,9-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (136)  
To a solution of NaBH4 (15 mg, 0.4 mmol) in THF/MeOH (10/1, 1 mL) was added diphenyl diselenide (75 
mg, 0.24 mmol) at 0 °C and the mixture was stirred for 30 min at room temperature. Then, a solution of 157 (24 
mg, 0.0483 mmol) in THF/MeOH (10/1, 0.6 mL) was added at 0 °C and the mixture was stirred for 5.5 h at room 
temperature. The reaction was quenched by addition of saturated aqueous NH 4Cl at 0 °C and the mixture was 
extracted with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After 
concentration under reduced pressure, the resulting residue was purified by flash column chromatography on 
silica gel eluted with EtOAc/n-hexane (1/5~1/1) to afford 136 (25 mg, 93%) as a colorless solid. 
Spectral data of 136: mp. 171-172 °C (EtOAc/n-hexane); 1H NMR (400 MHz, 
CDCl3) δ: 1.66 (ddd, J = 3.2, 10.0, 12.8 Hz, 1H), 1.84-2.04 (m, 4H), 2.12-2.30 (m, 
3H), 2.67 (ddd, J = 4.0, 12.0, 12.0 Hz, 1H), 2.75-2.82 (m, 2H), 3.17 (ddd, J = 4.0, 
10.4, 14.4 Hz, 1H), 3.31-3.35 (m, 1H), 3.54 (ddd, J = 5.6, 10.4, 16.0 Hz, 1H), 3.69 
(dd, J = 4.8, 8.8 Hz, 1H), 3.94 (dd, J = 2.8, 8.8 Hz, 1H), 4.05 (ddd, J = 4.8, 4.8, 
13.6 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 7.03 (dd, J = 7.2, 
7.2 Hz, 1H), 7.09 (dd, J = 7.2, 7.2 Hz, 1H), 7.18 (d, J = 7.2 Hz, 1H), 7.27-7.29 (m, 3H), 7.37-7.44 (m, 6H), 
7.50-7.52 (m, 2H), 8.67 (brs, 1H); 13C NMR (100 MHz, CDCl3, 50°C) δ: 21.4, 22.9, 29.1, 32.1, 32.5, 37.2, 39.4, 
44.2, 64.5, 73.9, 74.0, 107.9, 110.3, 118.1, 119.2, 121.4, 127.5, 128.0 (2C), 128.3, 128.8 (2C), 128.9, 129.3 (2C), 
129.6, 133.4 (2C), 135.0, 136.1, 137.5, 174.8; IR (neat) ν: 3231, 2928, 1660, 1453, 1354, 1240, 1072, cm-1; 
LRMS (EI) m/z 558 [M]+; HRMS (EI) calcd for C32H34N2O2Se [M]+ 558.1785, found 558.1787. 
 
Methyl (6aR*,8S*,13bS*)-8-benzyloxymethyl-6a-(2-phenylselenylethyl)-4-oxo-2,4,5,6,6a,7,8,13b- 
octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-13b-carboxylate (137)  
To a solution of 136 (5 mg, 0.009 mmol) in toluene (0.3 mL) was added MeMgI (3.0 M solution in Et2O, 9 μL, 
0.027 mmol) dropwisely at 0 °C and the mixture was stirred for 45 min at the same temperature. Then, 
NCCO2Me (7 μL, 0.09 mmol) was added and the mixture was stirred for 1 h at room temperature. The reaction 
was quenched by addition of saturated aqueous Rochelle’s salt at 0 °C and the mixture was extracted with EtOAc. 
The combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted with 
EtOAc/n-hexane (2/3~1/0) to afford 137 (5.2 mg, 94%) as a colorless oil. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral)  
Spectral data of 137: 1H NMR (400 MHz, CDCl3) δ: 1.76 (ddd, J = 2.8, 9.6, 12.8 Hz, 1H), 1.83-1.91 (m, 2H), 
1.97 (ddd, J = 4.0, 13.2, 13.2 Hz, 1H), 2.12-2.23 (m, 3H), 2.33-2.42 (m, 2H), 2.64 (ddd, J = 4.0, 12.0, 12.0 Hz, 
1H), 2.90-2.97 (m, 2H), 3.03-3.10 (m, 2H), 3.54 (s, 3H), 3.69 (dd, J = 4.0, 8.8 Hz, 1H), 3.77-3.82 (m, 2H), 4.52 
(d, J = 12.4 Hz, 1H), 4.56 (d, J = 12.4 Hz, 1H), 7.20 (ddd, J = 1.2, 7.6, 7.6 Hz, 1H), 7.24-7.37 (m, 10H), 
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7.50-7.53 (m, 3H); 13C NMR (100 MHz, CDCl3) δ: 20.8, 28.9, 31.7, 35.7, 37.1, 37.4, 
37.5, 43.2, 52.9, 65.1, 66.8, 72.4, 73.1, 120.5, 121.8, 126.2, 127.4, 127.7 (2C), 127.8, 
128.5 (2C), 129.0, 129.2 (2C), 129.4, 133.1 (2C), 138.0, 138.9, 154.3, 170.5, 175.2, 
185.0; IR (neat) ν: 3060, 2926, 2855, 1731, 1676, 1562, 1455, 1399, 1356, 1221, 
1099, 1024 cm-1; LRMS (EI) m/z 616 [M]+; HRMS (EI) calcd for C34H36N2O4Se 
[M]+ 616.1820, found 616.1840. 
 
Methyl (6aS*,8S*,13bS*)-8-benzyloxymethyl-6a-ethyl-4-oxo-2,4,5,6,6a,7,8,13b-octahydro-1H- 
pyrrolo[1’,2’:1,8]azocino[5,4-b]indole-13b-carboxylate (158)  
To a solution of 137 (4 mg, 0.0065 mmol) in toluene (0.65 mL) were added n-Bu3SnH (5 μL, 0.0195 mmol), 
Et3B (1.05 M solution in hexane, 31 μL, 0.0325 mmol), MgSO4 (7.8 mg, 0.065mmol) and air (0.2 mL) at 0 °C 
and the mixture was stirred for 4 h at room temperature. After filtration of the reaction mixture through a Celite® 
pad, saturated aqueous NaHCO3 was added to the filterate and the mixture was extracted with EtOAc. The 
combined organic layers were washed with brine and dried over Na2SO4. After concentration under reduced 
pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (3/1) to afford 158 (1.7 mg, 57%) as a colorless oil. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral)  
Spectral data of 158: 1H NMR (400 MHz, CDCl3) δ: 0.86-0.94 (m, 3H), 1.25-1.39 (m, 
2H), 1.70-1.77 (m, 2H), 1.89-1.99 (m, 2H), 2.13-2.22 (m, 2H), 2.32-2.44 (m, 2H), 2.96 
(dd, J = 7.2, 15.2 Hz, 1H), 3.16-3.21 (m, 2H), 3.53 (s, 3H), 3.70-3.73 (m, 1H), 3.77-3.86 
(m, 1H), 4.57 (d, J = 12.0 Hz, 1H), 4.53 (d, J = 12.0 Hz, 1H), 7.18-7.22 (m, 1H), 
7.26-7.37 (m, 7H), 7.53 (d, J = 8.0 Hz, 1H); IR (neat) ν: 2925, 2854, 1730, 1679, 1455, 
1218, 1099 cm-1; LRMS (EI) m/z 460 [M]+; HRMS (EI) calcd for C28H32N2O4 [M]+ 
460.2362, found 460.2351. 
 
(6aS*,8S*,13bS*)-13b-Allyl-8-benzyloxymethyl-6a-tert-butyldimethylsiloxymethyl-4-oxo- 
octahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (163) 
To a solution of 108 (30 mg, 0.0578 mmol) in toluene (0.6 mL) was added MeMgI (3.0 M solution in Et2O, 58 
μL, 0.173 mmol) dropwisely at 0 °C and the mixture was stirred for 30 min at room temperature. Then, allyl 
bromide (50 μL, 0.578 mmol) was added and the mixture was stirred for 1 h at the same temperature. The 
reaction was quenched by addition of saturated aqueous Rochelle’s salt at 0 °C and the mixture was extracted 
with EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration 
under reduced pressure, the resulting residue was purified by flash column chromatography on silica gel* eluted 
with EtOAc/n-hexane (2/1) to afford 163 (30.7 mg, 95%) as a colorless oil. 
* Kanto chemical silica gel 60N (40-50 μm spherical, neutral) 
Spectral data of 163: 1H NMR (400 MHz, CDCl3) δ: 0.06 (s, 6H), 0.86 (s, 9H), 
1.73-1.89 (m, 2H), 2.05-2.15 (m, 2H), 2.20-2.45 (m, 4H), 2.52-2.63 (m, 2H), 2.86 
(ddd, J = 3.6, 3.6, 14.8 Hz, 1H), 3.26 (dddd, J = 7.2, 7.2, 7.2, 7.2 Hz, 1H), 3.45 (d, 
J = 10.4 Hz, 1H), 3.67-3.74 (m, 2H), 3.91 (d, J = 7.2 Hz, 2H), 4.56 (d, J = 12.0 Hz, 
1H), 4.61 (d, J = 12.0 Hz, 1H), 4.85 (d, J = 10.0 Hz, 1H), 4.93 (d, J = 16.0 Hz, 1H), 
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5.16 (dddd, J = 7.2, 7.2, 10.0, 16.0 Hz, 1H), 7.19-7.20 (m, 2H), 7.28-7.35 (m, 6H), 7.50 (d, J = 7.6 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: -5.7, -5.6, 18.0, 25.7 (3C), 28.4, 29.0, 35.5, 35.9, 37.1, 37.4, 41.3, 59.9, 65.9, 67.1, 
71.6, 73.2, 118.4, 120.1, 121.5, 125.2, 127.68, 127.71 (2C), 128.1, 128.4 (2C), 132.1, 138.1, 141.0, 154.6, 175.7, 
189.0; IR (neat) ν: 2928, 2856, 1686, 1458, 1402, 1250, 1082, cm-1; LRMS (EI) m/z 558 [M]+; HRMS (EI) calcd 
for C34H46N2O3Si [M]+ 558.3277, found 558.3279. 
 
(6aS*,8S*,13bS*)-6a,8-Bis-tert-butyldimethylsiloxymethyl-8a,13b-diallyl-4-oxo-2,4,5,6,6a,7,8,8a,9,13b- 
decahydro-1H-pyrrolo[1’,2’:1,8]azocino[5,4-b]indole (164a) 
To a solution of 163 (45 mg, 0.077 mmol) in toluene (3.9 mL) was added allylmagnesium bromide (1.0 M 
solution in Et2O, 0.385 mL, 0,385 mmol) at －78 °C and the mixture was stirred for 7 h at the same temperature. 
The reaction was quenched by addition of saturated aqueous NH4Cl at 0 °C and the mixture was extracted with 
EtOAc. The combined organic layers were washed with brine and dried over Na2SO4. After concentration under 
reduced pressure, the resulting residue was purified by flash column chromatography on silica gel eluted with 
EtOAc/n-hexane (1/5~1/2) to afford 164a (33.7 mg, 70%) as a colorless oil. 
Spectral data of 164a: 1H NMR (400 MHz, CDCl3) δ: 0.09 (s, 3H), 0.10 (s, 6H), 
0.11 (s, 3H), 0.90 (s, 9H), 0.94 (s, 9H), 1.57-1.62 (m, 1H), 1.84 (d, J = 15.6 Hz, 1H), 
1.98-2.32 (m, 7H), 2.42-2.55 (m, 4H), 2.95 (dd, J = 12.4, 14.4 Hz, 1H), 3.40 (d, J = 
10.8 Hz, 1H), 3.63 (dd, J = 8.4, 8.4 Hz, 1H), 3.81-3.88 (m, 2H), 4.01 (d, J = 10.8 Hz, 
1H), 4.06 (brs, 1H), 4.76 (d, J = 16.4 Hz, 1H), 4.90 (d, J = 17.2 Hz, 1H), 4.99-5.03 
(m, 2H), 5.42-5.53 (m, 1H), 5.73-5.83 (m, 1H), 6.52 (d, J = 7.6 Hz, 1H), 6.69 (dd, J 
= 7.6, 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 7.00 (d, J = 7.6, 7.6 Hz, 1H); 13C NMR 
(150 MHz, CDCl3) δ: -5.63, -5.57, -5.3, -5.2, 18.1, 18.2, 25.7, 25.9, 26.7, 29.0, 31.4, 35.9, 36.3, 36.8, 36.9, 53.7, 
64.2, 65.8, 67.1, 72.3, 109.7, 117.5, 118.1, 119.2, 123.9, 127.4, 134.2, 135.1, 135.3, 147.7, 176.4; IR (neat) ν: 
3353, 2928, 2856, 1676, 1462, 1404, 1252, 1115 cm-1; LRMS (EI) m/z 624 [M]+; HRMS (EI) calcd for 
C36H60N2O3Si2 [M]+ 624.4142, found 624.4114. 
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